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Abstract 
Are Symptoms of Postpartum Depression Associated with Deficits in Facial and 
Auditory Emotional Recognition? 
Karen Blanc Friedman 
Mary V. Spiers Ph.D. 
 
 
 
 
 
Evidence suggests reduced emotional recognition (ER) abilities in major depression 
(MD). However, few studies have analyzed facial and ER abilities and negative 
perceptual bias in postpartum depression (PPD). The purpose of this study was to 
examine the impact of PPD in ER skills. We hypothesized that women with higher levels 
of PPD would show more difficulties in recognizing facial and auditory emotions, an 
increased negative perceptual bias, and self-report more difficulties in ER skills toward 
others and their babies. Also, that higher levels of PPD and lower ER abilities would be 
associated with increased bonding difficulties between mother and infants. Methods: We 
assessed 50 women in the postpartum period with a wide range of PPD symptomatology, 
with a series of facial and auditory ER tasks, an ER self report measure and the 
postpartum bonding questionnaire (PBQ). We also assessed for anxiety levels, anger, 
sleep and several peripartum and sociodemographic factors. Participants were recruited 
from a suburban resource center for new parents. Results: Women with higher PPD levels 
reported on average fewer hours of sleep in the past weeks, being more sleep deprived, 
more dissatisfaction with their employment situation, more stress, being angrier, more 
annoyed, resentful and irritable. PPD levels also correlated with a previous history of 
MD, and family history of depression. Women with higher levels of PPD had more 
difficulties in bonding with their babies, and reported more misunderstandings because 
   viii 
others misinterpreted what they were feeling. Levels of PPD were not associated with 
poorer performance on measures of facial and auditory ER or with negative perceptual 
bias. Levels of anxiety were also not related to these measures. More difficulties with 
bonding with the infant were associated with more negative bias and poorer performance 
in some measures of facial ER. Conclusion: Higher levels of PPD were associated with 
more difficulties in bonding with the new infant, increased anger and more sleep 
deprivation. Bonding difficulties were in turn correlated with more negative bias in the 
perception of facial emotions and poorer ER abilities. Level of PPD was not associated 
with ER abilities, negative perceptual bias or self-reports of ER difficulties. 
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Are Symptoms of Postpartum Depression Associated with Deficits in Facial and 
Auditory Emotional Recognition? 
 
 
Emotional information can be conveyed by various means of communication, 
such as propositional content, speech intonation, facial expression, and gestures. Facial 
emotional recognition is one of the most relevant non-verbal communication skills (Streit 
et al., 1999) and its considered to be a critical factor for social and interpersonal relations. 
Recognition of emotions in facial expressions is a topic of great importance in the study 
of depression and psychopathology in general. Most studies of emotional recognition are 
based on patients with schizophrenia, anxiety disorders and mood disorders such as major 
depression (Bouhuys, Geerts, & Gordijn, 1999; Gur et al., 2002; Kohler et al., 2003; 
McClure, Pope, Hoberman, Pine, & Leibenluft, 2003), but so far there is little or no 
evidence about emotional recognition skills in postpartum depression. Moreover, there 
are even fewer studies that have analyzed auditory emotional recognition in depression 
(Smoller & Brosgole, 1993). Even though postpartum depression is considered a specific 
case of major depression by the DSM-IV, distinguished only by it’s time of onset, it 
deserves special attention due to its particular time of onset and given the fact that there 
may exist differential qualitative characteristics as compared to major depression such as 
more guilt and agitation and fewer acts of suicide (Whiffen, 1992). In terms of the time of 
onset, postpartum depression occurs during a period of significant hormonal variation 
elicited by pregnancy and delivery. Although there are no established etiological 
connections between hormonal variation and the onset of postpartum depression, 
hormones are known to affect brain functioning and cognition, thus it is important to take 
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them into consideration. Moreover, the postpartum period is a time of readjustment in a 
woman’s life both physically and emotionally that is regarded as critical for the 
establishment of a healthy attachment between mother and infant.  
The literature on postpartum depression states that the incidence of women who 
develop this disorder ranges from 10% to 22%. Considering the DSM – IV criteria of 4 
weeks after delivery as the time of onset, the incidence of PPD in women who bear 
children is estimated to be 10% (Galea, Wide, & Barr, 2001). If the window of onset is 
increased to 6 to 9 weeks, the incidence rate increases to 12% to 16% (O'Hara, 1986). If 
the postpartum depression onset criteria is increased even further to 6 months after 
delivery the incidence rates are as high as 22% (Watson, Elliott, & Rugg, 1984). Overall, 
approximately 400,000 American women suffer from this condition every year (Resnick, 
2003). 
Why is it Important to Study Emotional recognition in Postpartum Depression? 
Deficits in emotional recognition are considered to be both a manifestation of 
depressive mood and at the same time a factor that contributes to its perpetuation. 
Negative interpretation of facial expressions may generate more stressful interpersonal 
events which can in turn play a role in the persistence of depression (Bouhuys, Geerts & 
Gordijn, 1999). In addition, people with low decoding ability are seen as less warm, 
sympathetic and open than people with high decoding ability (Funder & Harris, 1986) 
and the capacity of correctly interpreting non-verbal behaviors may lead to interactions 
that are experienced as more meaningful and are accompanied by more mutual support 
and emotional sharing (Hall, Harrigan, & Rosenthal, 1995), qualities that overall may be 
lacking in depressed people’s interactions. In the particular case of depressed parents, 
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studies have shown that higher levels of parenting stress and depression together with a 
tendency to have distorted, biased and inaccurate perceptions of their children’s behavior 
puts parents at risk for child physical abuse (Balge & Milner, 2000). These data suggests 
the possibility of a common ground between depression and child abuse based in the lack 
of attentiveness to the children’s behavior and to an inability to correctly encode the 
meaning of children’s emotional expressions.  
The high incidence of postpartum depression as well the important negative 
consequences of impaired emotional recognition abilities, call for the exploration of this 
topic. Our recent pilot study suggested that women with symptoms of postpartum 
depression reported more difficulties recognizing what their babies are feeling as well as 
what other people are feeling. They also reported experiencing more misunderstandings 
because they misinterpreted what others were feeling and because others misinterpreted 
what they were feeling. However, no differences were found in their actual accuracy at 
recognizing discrete emotions in a multiple-choice test, when compared to their non-
depressed counterparts. The question remains as to whether women with symptoms of 
postpartum depression are in fact experiencing difficulties in the area or emotional 
recognition, or if is a matter of over-reporting a perceived deficit. 
The purpose of this study is to further analyze emotional recognition abilities of 
actual adult and schematic adult faces, and also include auditory stimuli to assess 
emotional recognition with a different sensory modality in women with symptoms of 
postpartum depression. This review will cover the hormonal literature on postpartum 
depression, the effects these changes may have on brain functioning, neural substrates of 
depression and emotional recognition, normal brain lateralization for recognition of 
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emotions, the effects of brain functional asymmetry in depression, hormones and brain 
asymmetry, emotional recognition in depression, and a brief overview of mother-infant 
interaction in postpartum depression. 
Depression in Women 
It is known that women are more vulnerable to mood disorders across their 
lifetime than men. In general, mood disorders can be exhibited during childhood with 
equal prevalence in males and females but during the reproductive years starting in 
adolescence, when hormones mark the beginning of puberty, women show twice the 
incidence of depression than men (Kornstein, 1997). Sichel (2003) reports that the 
incidence of depression in women during the reproductive years ranges from 7.5% to 
10.4%. Mood changes seem to be more prevalent at particular times of the reproductive 
cycle such as the pre-menstrual period, pregnancy, post partum, peri and postmenopause, 
and also with the use of contraceptives and after removal of the ovaries. Spinelli, (2000) 
suggests that hormones may be a very important contributing factor to depressive mood.  
Hormonal Variations in the Peripartum Period  
During pregnancy, levels of estrogens and progesterone rise steadily as a result of 
placenta production of these hormones. With the removal of the placenta after delivery, 
levels in these hormones drop sharply (Ehlert, Patalla, Kirschbaum, & Piedmont, 1990; 
Harris, 1996). Estrogen reaches very low levels within 24 hours after birth and 
Progesterone takes about 3 to 5 days to reach normal levels (Sichel, 2003). The plasma 
concentration of cortisol also increases dramatically during pregnancy. By the first 
trimester pregnant women have double the level of cortisol compared to non-pregnant 
women and by the third trimester the level of cortisol reaches three times the levels of a 
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non-pregnant woman. This elevation is mainly due to an increase in transcortin, the 
protein that holds and binds cortisol (Sichel, 2003). Cortisol also shows a diurnal 
variation being highest in the early morning and lowest at the end of the day. During 
delivery there is a further rise in cortisol (Harris, 1996) and after delivery cortisol remains 
elevated for 12 to 15 days (Sichel, 2003).  
Hormonal Variations and Postpartum Depression 
Considering that every woman who gives birth undergoes a similar hormonal 
“rollercoaster” and only a fraction develop postpartum depression or some other 
psychiatric illness after delivery, scientists are trying to determine the special factors that 
make some women prone to developing this disorder. To address this question many 
researchers have compared hormone levels at different points pre and postnatally 
between women who end up developing postpartum depression and woman who do not. 
So far, there are contradictory results in the effort to find etiological correlates of these 
variables to postpartum depression (Handley, Dunn, Waldron, & Baker, 1980; Harris, 
1994; Hendrick, Altshuler, & Suri, 1998). Studies tend to focus the most on Progesterone, 
Estrogen and Cortisol because of their probable relationship with mood disturbances. 
Progesterone has been implicated in the etiology of postpartum depression due to 
its barbituric-like properties. So far there is contradictory information for the role of 
progesterone in the development of depressive symptoms postpartum. While some 
studies suggest that lower progesterone may be at the base for the occurrence of 
depressive symptoms (Ingram, Greenwood, & Woolridge, 2003; Dalton, 1985), others 
suggest that the opposite association occurs (Feksi, Harris, Walker, Riad-Fahmy, & 
Newcombe, 1984, Lawrie et al., 1998), and others find no association at all (Frye & 
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Lacey, 2000; Harris et al., 1994; Harris, Lovett, Smith, Read, et al., 1996; O'Hara, 
Schlechte, Lewis, & Wright, 1991). So far there is no substantial evidence to implicate a 
clear relationship between progesterone levels and postpartum depression. 
Estrogen is the hormone that seems to have the most profound effect in the 
postpartum period because of the acute withdrawal after delivery and because of its 
antidepressant characteristics (Wieck et al., 1991). Some studies have administered 
estrogen to women at risk of developing postpartum depression, finding that those who 
took estrogen either antenatally or postnatally experienced lower rates of depression than 
expected; thus demonstrating that estrogen may have a prophylactic effect in the 
prevention of postpartum depression (Gregoire, Kumar, Everitt, Henderson, & Studd, 
1996; Klaiber, Broverman, Vogel, & Kobashi, 1979; Sichel, Cohen, Robertson, 
Ruttenberg, & Rosenbaum, 1995). Studies in animal models also support this notion 
(Galea et al., 2001). Regarding this matter, Ahokas, Kaukoranta, Wahlbeck, and Aito 
(2001) claim that the antidepressant effects of estrogen therapy may depend on the 
presence of low levels of estrogen, but this issue is still a concern that needs to be 
furthered studied. Some studies suggest that Dopamine and Serotonin may be the 
mediators by which a drop in estrogen is related to higher levels of depression. Maggi 
and Perez (1985), explain that a drop in estrogen can cause both dopamine receptor 
supersensitivity and a hypofunctioning of the serotoninergic system. Other studies 
(McIvor, Davies, & Wieck, 1996; Wieck et al., 1991) have shown that postpartum 
depressed women had increased sensitivity of dopamine receptor function and activity 
suggesting that it is dopamine activity that predicts anxiety and depressive illness in the 
postpartum period. When estrogen acts in the brain it facilitates the production of 
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neuronal growth factors as well as enzymes and receptors that promote monoaminergic 
neurotransmission, by decreasing MAO and COMT, two enzymes that break down the 
neurotransmitters. By decreasing MAO and COMT, estrogen increases levels of 
serotonin, norepinephrine and acetylcholine and ends up promoting neural transmission 
and communication and finally inducing improved mood effects (Stahl, 2001).  Finally, 
in contrast to the previous findings, some studies have found an association between 
higher estrogen levels in the postpartum period and higher depressive symptoms (Feksi et 
al., 1984; O'Hara, 1995). 
As we can see, there is still conflicting evidence regarding a clear association 
between pre and postnatal levels of these hormones and the occurrence of postpartum 
depression. However, estrogen seems to have a prophylactic effect in the prevention of 
this disorder. It is possible that more than the raw levels of the hormones, it is the 
sensitivity to its drop that may precipitate the appearance of postpartum depression. 
Cortisol is another hormone that has been implicated in the etiology of postpartum 
depression due to its relation with fearful or withdrawal-related behavior (Buss et al., 
2003). Also, it is considered to be the body’s main stress hormone and it’s often elevated 
in depression suggesting a disturbed hypothalamic pituitary adrenal regulation (McEwen, 
1998). The evidence regarding an association between cortisol levels and post partum 
mood has proved to be contradictory as well. Some studies have found that raised levels 
of cortisol in the post partum period may be associated with early depression (Glover, 
1992; Okano & Nomura, 1992; Ehlert et al., 1990; Rubinow, Post, Gold, Ballenger, & 
Wolff, 1983). However, in contrast to these findings, some other studies have shown no 
association between cortisol and post partum mood changes (Clark, Iversen, & Goodwin, 
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2001; Feksi et al., 1984; Harris, Johns, Fung, Thomas, & et al., 1989; O'Hara et al., 
1991). 
In addition, a different line of thought proposes that high cortisol levels are linked 
with elevation of mood such as elation during the first post partum week (Handley, Dunn, 
Baker, Cockshott, & Gould, 1977; Harris et al., 1994). However, the opposite 
perspective, which proposes that high cortisol is associated with depressed mood is more 
prevalent. An explanation of this idea is that there is a more prolonged recovery of the 
biological mechanisms of the HPA (Hypothalamic-Pituitary-Adrenal) axis in women that 
are at risk for postpartum depression (Pedersen et al., 1993) and that in these women, the 
reduction of cortisol is resisted for at least 12 weeks which may suggest a hypothalamic 
dysfunction (Cizza, Gold, & Chrousos, 1997). According to Sichel (2003), sustained high 
cortisol levels may contribute to postpartum depressed mood especially in women with 
previous episodes of depression because the HPA axis, instead of normalizing after 
delivery, may remain abnormal for longer periods of time. Again, there is no clear picture 
about cortisol levels and mood after delivery since both high and low levels of cortisol 
have been reported during the postpartum period in women suffering from postpartum 
depression. However, there is a tendency in recent studies that leans towards the idea of 
an HPA deregulation underlying elevated levels of cortisol and decreased mood in the 
postpartum period.   
Besides estrogen, progesterone and cortisol, there are several other biological 
processes that have been analyzed in relation to postpartum depression because they have 
also been found to change during pregnancy and after delivery. Among these we find: 
other gonadal steroids such as androgens (testosterone), thyroid hormones (T3 and T4), 
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pituitary hormones such as prolactin; and neurotransmitter precursors such as tryptophan 
(serotonin precursor) and tyrosine (dopamine and norepinephrine precursor).  
Regarding the relationship between hormonal variations and the onset of 
postpartum depression, Glover (1992) proposes that PPD is a heterogeneous condition 
and it is possible to identify two subgroups of PPD depending on the time of onset of the 
illness. The first group shows an early onset of the illness with a peak of the symptoms at 
around two weeks post partum, sometimes following a period of early euphoria. For this 
subgroup, hormonal changes may be a direct trigger for later depression. The second 
subgroup shows symptoms that peak at 2 to 5 months and are possibly linked to abnormal 
thyroid function. This author adds that it would be appropriate to study these subgroups 
separately. Kendell , McGuire, Connor and Cox (1981) state that it is probable that post 
partum depression at early stages arises out the blues and thus shows great lability of 
feelings. McEwen (1995) argues that if the onset of the illness happens at 3 or more 
months after delivery then it reflects that there are important psychosocial factors related 
to stress and genetic factors rather than a direct hormonal trigger. 
From the evidence presented above, it is still not clear if mood changes in the 
postpartum period are associated with hormone withdrawal after delivery. The question 
remains whether changes in mood are due to an alteration in the level of these hormones 
per se or is it that the hormonal profiles of the affected women are within normal limits 
and what induces postpartum depression is an abnormal sensitivity to this hormonal 
variation at a neurotransmitter or receptor level (Harris, 1996). Yet another hypothesis 
states that in depression, receptors which regulate the activity of the chemical messengers 
are damaged and these damaged receptors may cause the depletion of neurotranmitters at 
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the synapse (Sichel, 2003). The most recent theory suggests that the primary deregulation 
in depression is within the cell and is directed by genes (Kendler et al., 1995). None of 
these approaches is definitive and more research needs to be done in order to understand 
the etiology of this disease. 
Neural Correlates of Emotional Recognition 
 According to Adolphs (2002), there are a large number of neural structures 
involved in facial emotional recognition, although it is difficult to assign a unique 
function to each of them given that each structure may be involved in various processes 
at various points in time. Among the most salient structures we find the following: Visual 
Cortices. Areas of the occipital cortices and the posterior temporal visual cortices are 
involved in the perception of visual stimuli that are socially and emotionally relevant. 
The fusiform gyrus also called “fusiform face area” has been found to be involved in 
capturing the static characteristics of faces while the superior temporal gyrus is involved 
in the dynamic and changeable features of the face (Haxby, Hoffman, & Gobbini, 2000). 
The Amygdala is generally activated when we are required to process stimuli related to 
threat and danger (Adolphs, Damasio, Tranel, Cooper, & Damasio, 2000). Bilateral 
damage to the amygdala causes impaired emotional recognition of fear principally and 
also impairment of other negative emotions such as anger, disgust and sadness (Adolphs 
& Tranel, 1999). A study by Whalen and colleagues (Whalen et al., 1998) demonstrated 
that the amygdala can react both to explicit and subliminally presented stimuli of fear. It 
has also been pointed out that left amygdala activation is higher when subjects are 
presented with facial emotion expressions of fear whereas the right amygdala is activated 
more in response to subliminally presented stimuli (Morris, Ohman, & Dolan, 1998). 
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Orbitofrontal Cortex; is thought to work in connection with the amygdala in the 
recognition of threatening stimuli (Adolphs, 2002). The Orbitofrontal cortex is involved 
in self regulation, response inhibition and strategy selection thus providing modulation 
for the emotional responses processed by the amygdala (Kalin, Shelton, Davidson, & 
Kelley, 2001). Somatosensory Cortices; specifically in the right hemisphere play a 
critical role in emotional recognition. According to Wild, Erb and Bartels (2001), facial 
expression of emotions of the sender evoke strong emotions in the viewer- probably a 
hard wired response processed by the somatosensory cortex - which can be a powerful 
instrument for the detection of emotions in others. The insula; is thought to be activated 
particularly when processing facial expressions of disgust (Phillips et al., 1997). The 
anterior insula is also known to be involved in responses to offensive tastes, so it is 
interesting to note that similarly to the somatosensory cortices, the insula is involved both 
in the perception of disgust in other’s faces as well as in the processing of the own feeling 
of distasteful stimuli. Hippocampus; was shown to participate bilaterally in an emotional 
valence activation task (Gur et al., 2002).  
Normal Brain Lateralization for Recognition of Emotions  
Another approach for understanding the mechanisms of depression comes from 
differences in brain lateralization. Whereas for most right-handed people, the left 
hemisphere processes linguistic information in a logical and analytical way, the right 
hemisphere is primarily dedicated to decoding visual-spatial information using a more 
“gestalt” processing approach. Also, studies with brain-damaged patients have been able 
to provide strong support for the notion that the right hemisphere has an advantage for the 
production and processing of emotional behavior. For instance, studies assessing patients 
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with unilateral damage to the right hemisphere have demonstrated that damage to this 
side of the brain is associated with poor processing of emotional stimuli. These patients 
have more trouble perceiving, understanding, remembering and expressing emotionally 
loaded stimuli and behaviors (Coffey, 1987). Studies with normal subjects have shown 
superiority of the right hemisphere for perceiving emotional stimuli such as face 
recognition, verbal material, music sounds and words. For example, a study conducted by 
Dimond and Farrington (1977) demonstrated that affective stimuli presented to the left 
visual field / right hemisphere elicited more autonomic activity than when presented to 
the right visual field / left hemisphere and were also appraised as more unpleasant. Other 
studies such as the one performed by Sackeim, Gur and Saucy (1978) have shown that 
the left side of the face – controlled by the right side of the brain - is more expressive 
than the right both for posed and spontaneous emotional expressions. Some other studies 
have found differences in the valence of emotions expressed by side of the face, being the 
left side of the face -right hemisphere- more expressive for negative emotions and the 
right side of the face (left hemisphere) more expressive for positive emotions (Best, 
1985).  
Besides the idea that the right hemisphere has an advantage for emotional 
processing, it is also argued that each cerebral hemisphere may be associated with the 
perception and expression of different emotions. Studies with brain damaged patients, 
epilepsy patients, psychiatric patients and normal subjects have been used to bring light 
to this matter. Studies in patients with unilateral damage have demonstrated that damage 
to the right hemisphere is associated more often with indifference and euphoric reactions, 
while damage to the left side of the brain is related to dysphoria, hopelessness and 
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feelings of despair (Gainotti, 1972). In accordance with these descriptions, Sackeim et al. 
(1982) reported that pathological overexpression of positive affect (laughing) was 
associated with predominantly right hemisphere brain damage whereas pathological 
overexpression of negative affect (crying) was associated with predominantly left side 
brain damage. If we keep in mind that a lesion in one side of the brain will degrade the 
functions performed by that side and uncover the functions carried out by the 
contralateral one, this would be telling us that the right hemisphere has a tendency for the 
processing and expression of more negative affect while the left hemisphere has a special 
affinity for the processing and expression of positive affect (Silberman & Weingartner, 
1986). Sackheim et al. (1982) also reported that among patients with epilepsy, those who 
presented outbursts of laughter were twice as likely to have the epileptic foci 
predominantly on the left side. Since seizures represent an amplified rate of neuronal 
firing, an epileptic focus in either side of the brain would exacerbate the functions that the 
particular side carries out.  
Another source of evidence comes from patients that go through unilateral 
hemispheric sedation with intracarotid injections of sodium amytal (WADA procedure) 
for a pre-surgical evaluation of intractable epilepsy. Patients who receive the injection on 
the left side of the brain usually exhibit behaviors such as crying, expressing pessimistic 
statements, feelings of nothingness and inability to hold back fears and negative thoughts. 
In contrast, patients who receive the injection on the right side of the brain thus having it 
anesthetized often elicit responses characterized by euphoric reactions such as smiling, 
optimism and overall wellbeing (Lee, Loring, Meader, & Brooks, 1990).  
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Finally, one more source of information comes from normal subjects. A study 
conducted by Wheeler, Davidson and Tomarken (1993) found that women who had a 
stable pattern of greater EEG activation on the left side of the frontal region relative to 
the right side had more intense positive affect after watching two positively valenced film 
clips. In contrast, those who presented a higher right frontal activation reported more 
intense negative affect following the viewing of negative valenced video clips. Davidson, 
Ekman, Saron, Senulis and Friesen (1990) also maintain that the left frontal hemisphere 
is associated with approach-related behaviors and the right frontal hemisphere associated 
with withdrawal related behaviors. This data is consistent with the idea that depressed 
people are less reactive to pleasant images and verbal stimuli probably due to a decreased 
processing of positive information (Sloan, Strauss, & Wisner, 2001). This bias in 
informational processing carries over to the field of memory. According to Mineka and 
Sutton (1992) depressed patients display a memory bias for unpleasant material. 
All these sources of evidence converge on the idea that the right hemisphere has a 
tendency for perceiving and expressing negative emotions while the left hemisphere is 
inclined to processing positively valenced emotions.  
Asymmetry in Depression 
 It has been hypothesized that depressed persons show a hemispheric asymmetry 
with diminished left frontal activation as compared to right frontal activation, measured 
by EEG (Davidson et al., 1990; Marshall & Fox, 2000). This characteristic left frontal 
hypoactivation may be associated with a higher tendency of perceiving and expressing 
negative affect. Robinson and Szetela (1981) highlighted the function of the frontal lobes 
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in a study that correlated post stroke depressive symptoms with the proximity of the 
lesion to the frontal pole.  
Also, subjects with dysphoria have been found to show less activation of the left 
frontal region than right frontal activation as compared to non-dysphoric participants 
(Schaffer, Davidson, & Saron, 1983). The same pattern of activation was found in 
clinically depressed participants (Henriques & Davidson, 1991) as well as in individuals 
with remitted depression as compared with participants who had no previous history of 
depression (Henriques & Davidson, 1990). This last study raises the question of whether 
left frontal hypoactivation is either state dependant or an ingrained trait independent of 
the appearance of depressive symptomatology. According to Marshall and Fox (2000) so 
far, there is no evidence to support such a connection. They report recent studies that 
show that participants with left frontal hypoactivation do not present attentional biases 
towards negative stimuli and do not show higher scores on measures of dysfunctional 
attitudes. These authors propose an alternate hypothesis suggesting that anxiety rather 
than depression may be the construct associated with high negative affect (and depression 
with low positive affect) as well as with attention to threatening stimuli.  
 It is important to note that even though many studies have focused on right 
hemispheric asymmetry due to left frontal hypoactivation, right frontal asymmetry can 
also take place due to a right hemispheric hyperactivation (Marshall & Fox, 2000). It is 
interesting that despite a right hemispheric asymmetry detected in depression, patients 
with depressive symptoms show a relatively selective right hemispheric deficit as 
assessed by different neuropsychological batteries, especially deficits in emotional 
recognition (Coffey, 1987). It may seem at first difficult to reconcile the fact that 
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depressed people may have at the same time right hemispheric deficits and a right frontal 
activation asymmetry. In the cases where the asymmetry is due to a left frontal 
hypoactivation, the flaws in emotional recognition may be explained by an inability to 
generate and become attuned with positive stimuli. According to the contralateral release 
model proposed by Flor-Henry (1979), depression may result when the non-dominant 
hemisphere (right hemisphere) is released from inhibition by the dominant hemisphere. 
This would make sense if we think that the hypoactivation in the left hemisphere is 
causing a failure to inhibit the right hemisphere’s expressions and perceptions of negative 
affect. If the right asymmetry in depression is produced by a hyperactivation of the right 
hemisphere, then the deficits in emotional recognition could still be explained by an 
imbalance between positive and negative emotional processing. In addition, 
hyperactivation of a brain region does not necessarily mean a better performance in the 
function that the region performs; instead it could mean that a specific area of the brain is 
“overworking” to compensate for a deficit.   
Hormones and Brain Asymmetry 
There are some studies that have analyzed the relationship between hormonal 
processes and brain asymmetry (right frontal hyperactivation as measured by EEG or left 
frontal hypoactivation). A study by Sanders and Wenmoth (1998) found that right 
hemisphere tasks reveal greater asymmetry when estrogen is low whereas left hemisphere 
tasks reveal greater asymmetry when estrogen is high. These data coincide with the 
notion that sensitivity to estrogen withdrawal may be related to right hemispheric 
asymmetry and therefore an increase in depressive symptomatology. Fitch and Bimonte 
(2002) add that estrogen receptors and nerve growth factor receptors are localized in the 
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forebrain regions and that they may regulate each other. In accordance with this posture,  
Keenan & Soleymani (2001) explain that one theory of the action of estrogen in the brain 
is that the prefrontal cortex and its neural circuitry are the prime moderators of estrogen’s 
role in cognition. Taking this fact into consideration, we can draw a connection between a 
depletion of estrogen in the brain and deficits in frontal activation, which are also 
correlated with depressive symptoms as mentioned earlier.  
 In terms of the action of cortisol in the brain, some studies have demonstrated that 
higher levels of cortisol are also linked to right pre-frontal cortex activity as measured by 
EEG (Buss et al., 2003; Davidson et al., 1990; Kalin, Larson, Shelton, & Davidson, 
1998). If cortisol remains high after delivery in women who end up developing 
postpartum depression, then this provides another line of evidence that concurs with a 
right hemispheric asymmetry in postpartum depression.  
Emotional Recognition in Depression 
As mentioned earlier, emotional recognition is thought to be one of the most 
relevant non-verbal communication skills in humans (Streit et al., 1999). In agreement 
with the right hemispheric asymmetry in depression stance, it is thought that the ability to 
accurately recognize emotions is impaired in depressed patients. There is very little 
information about emotional recognition in postpartum depression. Most studies are 
based on patients with schizophrenia, anxiety disorders and mood disorders such as major 
depression (Bouhuys et al., 1999; Gur et al., 2002; Kohler et al., 2003; McClure et al., 
2003). It has been found that depressed patients who met criteria for either major 
depression or bipolar illness currently being in the depressed phase, had an impaired 
ability to decode facial expressions (Gur et al., 1992). These patients performed more 
   18 
poorly on measures of sensitivity (correctly identify true positives) for happy faces and 
also performed more poorly on measures of specificity (correctly identify true negatives) 
for sad faces. In addition, they showed a higher negative bias across tasks and a higher 
false attribution of emotional to non-emotional faces. Finally, these authors also found 
that the severity of negative affect was correlated with poorer performance. Hale and 
colleagues (Hale, Jansen, Bouhuys, Jenner, & van den Hoofdakker, 1997) found similar 
results in a study showing that judgment of negative emotions was related to both 
depression severity and depression persistence. Another study found showed increased 
difficulties in identifying particularly neutral faces in depressed patients (Leppanen, 
Milders, Bell, Terriere & Hietanen, 2004). 
Speed processing in emotional recognition is another subject worth considering. 
Cooley & Nowicki (1989), found that depressed subjects were slower than normal 
controls in a task involving facial emotion discrimination but were not slower in a word 
category discrimination test, thus implying that deficits in speeded processing may be 
associated predominantly with emotional recognition. They also suggest that this 
diminished emotional processing speed may make it difficult to “keep up” with social 
interactions. In a recent study by Surguladze and colleagues (Surguladze et al., 2004), it 
was found that patients with major depressive disorder as compared to age and gender 
matched healthy volunteers, demonstrated a subtle impairment in discrimination accuracy 
of facial emotional stimuli and a lower than normal tendency to label happy faces and 
neutral faces as happy when compared to controls. They also reported that depressed 
patients had significantly greater difficulty in the discrimination of sad rather than happy 
expressions, and the difference in accuracy as compared to the control group was found 
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when the stimuli were presented very briefly and depicted lower intensities of facial 
expressions. Another study with adolescents found that those who were diagnosed with 
bipolar disorder made more emotional recognition errors when presented with faces of 
children but not when presented with adult faces as compared with adolescents with 
anxiety disorders and healthy controls (McClure et al., 2003). In a study with 
schizophrenic patients (Kohler et al., 2003), emotional recognition performance 
negatively correlated with negative symptoms such as alogia, avolition, and anhedonia, 
symptoms which may also be present in cases of depression.  
However, some others have failed to find this association (Walker et al., 1984; 
Bouhuys et al., 1996; Mandal, 1987). The study performed by Gur and colleagues with 
depressed patients (1992) found a negative bias but no differences in overall performance 
in emotional recognition. Bouhuys, Geerts and Mersch (1997) propose that a negative 
bias in cognition may be mediated by concurring levels of anxiety, and not necessarily by 
depression. They found that the favoring of negative emotional expressions was in 
particular related with anxiety levels and propose that conflicting results in negative bias 
in depression may be because the depressed population differed in co-occurrence of 
anxiety levels. 
In terms of auditory emotional recognition, there are very few studies that have 
analyzed this ability in depressed patients. Among the few, Smoller and Brosgole (2004) 
found that depressed children were not impaired in facial affect recognition, but they 
showed a disturbance in auditory affect recognition, along with a negative bias.    
 
 
   20 
Emotional Recognition in Postpartum Depression 
Our previous study (Friedman & Spiers, 2006) compared facial emotional 
recognition abilities in eight women with symptoms of postpartum depression and 12 
women without significant symptoms and found no difference in the accuracy for 
identifying discrete emotions in a multiple-choice test (Penn ER40) between these two 
groups. This study also found that there was not an increased negative bias in the ratings 
of schematic emotional faces and adult faces by the postpartum depression group when 
compared to the control group. However, there was a significant negative correlation 
between depression score and positive ratings across faces. On average women with 
higher ratings of depression on the Edinburgh Postnatal Depression Scale (EPDS) 
showed a lower average of positive ratings in the Schematic Faces Test. This result 
indicates that there may be an association between depression and a lack of positive bias 
in the perception and recognition of emotions. Some studies support this notion stating 
that increased depression may be associated with the loss of an attentional bias favoring 
positive information instead of an increased attention for negative information (Gotlib et. 
al., 1988; Mathews & Antes, 1992). This result would also be consistent with the idea 
that there may be a left frontal hypoactivation in depressed patients (Davidson et al., 
1990; Marshall & Fox, 2000). 
In addition, women with symptoms of postpartum depression self-reported 
significantly more difficulties recognizing what their baby is feeling irrespective of their 
babies’ temperament. They also reported significantly more difficulties recognizing what 
others in general are feeling just by looking at their faces. In addition, according to their 
self reports, they were experiencing significantly more misunderstandings because they 
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misinterpreted what other were feeling or saying, and because others misinterpreted 
them.  
In terms of general cognitive functioning in postpartum depression, Harris and 
colleagues (Harris, Deary, Harris, Lees, & Wilson, 1996) demonstrated that the severity 
of depression was correlated with cognitive impairment in the puerperal period,  
particularly with fluid cognitive ability. Women with higher levels of depressive 
symptoms showed reduced information processing speed as well as lower levels of 
attention and concentration. It is possible that these deficiencies in processing speed, 
attention and concentration may play a role in the process of emotional recognition. 
Mother-Infant Interaction in Postpartum Depression 
The mother’s affective mood is an important factor for a healthy mother-infant 
interaction (Righetti-Veltema et al. 2002) and research on maternal postpartum 
depression has consistently demonstrated negative effects on the mother-infant 
relationship (Field, et al., 1990; Murray, 1992) and the infants’ further cognitive 
development and behavior (Grace et al., 2003). Studies have shown postpartum depressed 
mothers have a less positive view of their infants, considering them as more difficult to 
care for and more bothersome without attributing these characteristics to the temperament 
of the infant per se (Foreman & Henshaw, 2002; Whiffen & Gotlib, 1989). It has even 
been suggested that postpartum depression is best understood as a mother-infant 
relational disturbance (Cramer, 1993). In accordance with this notion, Nagata et al. 
(2000) reported that maternity blues were significantly related to both depression and 
weak maternal attachment one year postpartum. In addition, a meta-analysis conducted 
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by Beck (1995) determined that postpartum depression has a moderate to large adverse 
effect on maternal-infant interactions during the first year after delivery.  
From the infant’s side, studies have shown that infants of depressed mothers show 
differences in behavior that mirror the depressive symptoms of their mothers as early as 3 
months (Field, 1984). They exhibit fewer positive faces and more negative faces and they 
have lower activity levels (Whiffen & Gottlieb, 1989). Interestingly, infants of depressed 
mothers show a similar pattern of relative right frontal EEG activity (due to reduced left 
frontal activation) as young as 1 month of age, which is in turn related to more frequent 
negative facial expressions (Jones et al., 1997). This author explains that this 
characteristic could be because of a biological/genetic predisposition for some of the 
same features noted in their mothers. It could also be due to prenatal influences of 
neurotransmitter levels, or the depressed mood of the mother could have an immediate 
effect on the infant’s interaction pattern, and thus the infants of depressed mothers may 
have “learned” to interact in a depressive manner.   
Summary and Statement of the Problem 
What we deduce from the evidence presented so far is that there are several 
factors that tend to present together in the area of postpartum depression and emotional 
recognition. Lower levels of estrogen coincide with decreased monoaminergic 
functioning and increased dopamine sensitivity. Higher levels of cortisol, coincide with 
higher levels of withdrawal. Both low estrogen and high cortisol are in relation to a 
greater right pre-frontal activation. We also know that the prefrontal cortices play an 
important role in emotional recognition. In turn, right prefrontal activation asymmetry is 
associated with lower abilities in emotional recognition as well as a tendency for 
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withdrawal and a negative interpretation of stimuli in general and emotions in particular. 
Studies in major depression show mixed evidence in terms of deficits in emotional 
recognition, which some authors attribute to the influence of anxiety symptoms. Our first 
study that compared emotional recognition accuracy and negative bias in women with 
and without symptoms of postpartum depression found no difference in recognition 
accuracy and a negative correlation between depression scores and positive ratings of 
schematic faces. Despite that there were no differences in emotional recognition 
accuracy.  This study also found that women with postpartum depression symptoms were 
self-reporting more difficulties recognizing their babies and other people’s emotions, and 
also reported more misunderstandings because they misinterpreted what others were 
feeling or saying, and because others misinterpreted them. The question arises of whether 
women with symptoms of postpartum depression are over-reporting a deficit that is not 
present, or there is in fact a deficit in emotional recognition, that so far has not been 
captured by the previously used instruments.  
We have also discussed that abnormalities in the ability to recognize emotions 
may lead to impaired interpersonal functioning. Given that the postpartum period is an 
important time for the development of a healthy attachment between mother and infant, 
and studies consistently report the negative effects of depression in the mother-infant 
relationship we question if an impaired ability to decode emotions in the mother may play 
a crucial role in the difficulties establishing a healthy mother-infant bond.   
The present study assessed mothers in the postpartum period with a wide range of 
depression symptomatology (from no depression to symptoms of PPD), with a series of 
emotional recognition tasks that are deemed more sensitive as compared to the ones used 
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in our pilot study. In addition, we included a measure of anxiety in order to rule out the 
possibility that it may be the anxiety symptoms that underlie emotional recognition 
deficits. We also assessed auditory emotional recognition, and obtained a measure of 
mother-infant bonding in the postpartum period. 
We Hypothesized that  
1. Women with higher levels of postpartum depression would exhibit more 
impairment in emotional recognition as assessed by the Penn Emotion Acuity 
Test (PEAT40). 
2. Women with higher levels of postpartum depression would show a negative 
bias and judge neutral faces as sad or happy faces as neutral in the Penn 
Emotion Acuity Test (PEAT40). 
3. Women with higher levels of depression would show a slower median 
response time in the Penn Emotion Acuity Test (PEAT40) despite their 
performance.  
4. Women with higher levels of postpartum depression would have reduced 
emotional discrimination accuracy as assessed by the Penn Emotion 
Discrimination Task (EMODIF40). 
5. Women with higher levels of postpartum depression would perform more 
poorly in the Penn Emotion Recognition Test (ER40). 
6. Women with higher levels of postpartum depression would have reduced 
auditory emotional recognition accuracy as assessed by the DANVA2-AP.  
7. Women with higher levels of postpartum depression would rate the faces of 
the Schematic Faces Test less positively. 
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8. Women with higher levels of postpartum depression would exhibit more 
troublesome bonding as assessed by the Postpartum Bonding Questionnaire 
(PBQ). 
9. Women with higher levels of postpartum depression would report more 
difficulties recognizing emotions in their babies and other people. 
10. There would be a positive correlation between mother-infant bonding and 
emotional recognition abilities. 
11. There would be also an association between anxiety and deficits in emotional 
recognition, however not as strong as with depression.  
Methods 
Participants 
The sample for this study consisted of 50 women between 1 and 6 months 
postpartum. We chose this window of time because it is sufficient to discard the 
possibility of postpartum blues, which typically occurs within the first 10 days 
postpartum. In addition, the 1st month after delivery is a time of intense readjustments 
both physically and emotionally for childbearing women thus we preferred not to assess 
women during this period. The average time postpartum when participants were tested 
was 14.59 ± 5.48 (SD) weeks. All participants were assessed for PPD symptomatology 
with the Edinburgh Postnatal Depression Scale (EPDS). As described in the literature, 
between 10% and 22% of women in the postpartum period experience significant 
symptoms of PPD (Galea, Wide, & Barr, 2001; O'Hara, 1986). In order to assure a wide 
range of PPD symptomatology in our sample, our goal was to obtain a sample in which at 
least 20% of the participants had a score of 11 or higher in the EPDS (Muzik et al., 
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2000). Sixteen out of the 50 participants (32%) recruited from the community, obtained a 
score of 11 or above in the EPDS with an average PPD score of 13.31 ± 2.65 (SD), range 
11-19. The average EPDS score for the group who scored below 11 was 4.91 ± 2.90 
(SD), range 0-10 (Figure 1). The average EPDS score for the entire sample was 7.60 ± 
4.85 (SD), range 0-19. Depression symptoms were evenly distributed across the sample. 
We did not attempt to recruit participants who had been specifically diagnosed with PPD 
since we achieved the “quota” of participants from the community with a score of 11 or 
above in the EPDS. From the participants who scored 11 or higher in the EPDS, only one 
had been diagnosed with PPD. From the entire sample, three other participants also 
reported having been diagnosed with PPD, however their current scores in the EPDS 
were 1, 2 and 7. All participants who reported a PPD diagnosis were receiving 
pharmacological treatment for their symptoms at the time of the study. 
Inclusion criteria.  In order to qualify for the study all participating women need 
to have a minimal educational level of 6th grade, be between 18 and 45 years of age, and 
have delivered their babies between 1 and 6 months ago.  
Exclusion criteria. Women were excluded from the study if they meet any of the 
following criteria: presence of brain injury such as seizures, high fevers that resulted in 
hospitalization, meningitis or other serious medical condition that may put the person at 
risk for neurological injury; consumption of illegal substances known to affect cognitive 
functioning (such as marijuana or cocaine); excessive use alcohol (defined as more than 3 
units per day); and/or co-morbidity with schizophrenia.  
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Measures 
 Peripartum Questionnaire.  This measure contains questions about six different 
areas: demographics, peripartum history, sleep, postpartum depression, history of 
previous depression, stress and anger. The demographics section contains questions about 
age, education, ethnicity, marital status, living situation, employment situation, and 
satisfaction with current employment situation. The peripartum history section contains 
questions about number of previous pregnancies and children, complications during 
pregnancy and delivery, type of delivery, and breastfeeding. The section on sleep 
contains questions about hours of sleep on the previous night and in the past two weeks, 
as well as self-rated level of sleep deprivation today and in the past two weeks. The 
section on postpartum depression contains a question about PPD, and for those who 
reported having been diagnosed with the disorder, questions about the onset time of 
symptoms, help received for symptoms, and other health problems that may have 
contributed to the symptoms. The previous history of depression section includes a 
question regarding previous episodes of postpartum or major depression and a question 
about any of these disorders being present in any of their family members. The section on 
stress, asks the participant to rate their overall level of stress in a scale from 1 to 10 being 
1 the lowest and 10 the highest, and to provide which are their current stressors. Finally, 
the section on anger has been adapted from the “Affects Balance Scale” (Derogatis, 
1975) and contains four questions in which the participant is asked to rate how frequently 
during the past two weeks she has felt angry, annoyed, resentful and irritable. This 
questionnaire is presented in appendix A.  
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EPDS.  (Cox, Holden, & Sagovsky, 1987) The Edinburgh Postnatal Depression 
Scale is a 10 item self-rating scale used to identify postnatal depression. According to the 
authors of the scale, the EPDS was found to have satisfactory sensitivity and specificity, 
and was also sensitive to change in the severity of depression over time. It has been 
validated in large community samples using Research Diagnostic Criteria for depression. 
A threshold of 10 has shown to identify women with minor depression (Murray & 
Carothers, 1990), and a cutoff of 10/11 has shown to yield maximal sensitivity and 
specificity for postpartum depressive disorder (Muzik et al., 2000). The scale can be 
completed in about 5 minutes and has a simple method of scoring. Every question can be 
scored from 0 to 3, therefore the final score ranges from 0 to 30. This Scale is presented 
in appendix B. 
SCL-90 Anxiety Subscale: A subscale of the SCL-90, which consists of 10 items 
reflecting general anxiety. The participant is asked to rate each question in terms of how 
much discomfort that problem has caused her, on a five point scale ranging from 0-not at 
all to 4-extremely. This questionnaire is presented in appendix C. 
PENN Emotion Acuity Test: The PEAT40 is a measurement of emotion 
recognition and discrimination. The task presents 40 faces, one at a time, composed of 5 
happy, 5 sad and 10 neutral, male and female faces, respectively. The presentation takes 
place in two blocks, the first of which contains sad and neutral faces (sad–neutral block); 
the second, happy and neutral faces (happy–neutral block). The faces are presented 
randomly within the blocks. Participants are asked to rate the emotional valence of the 
expression on each face on a seven-point scale: very sad, moderately sad, somewhat sad, 
neutral, somewhat happy, moderately happy, and very happy. Choices are entered by 
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clicking with the mouse on one of the seven emotion descriptions. This test is presented 
in appendix D. 
PENN Emotion Discrimination Task: The EmoDiff40 is a measure of emotion 
discrimination. Participants are shown 40 pairs of faces, one pair at a time. Each pair of 
faces consists of two pictures of the same person with or without a subtle, computer-
generated difference in emotion expression, which may or may not represent a difference 
in the intensity of the emotion between the two faces. For each pair, the participant must 
decide which face expresses the given emotion more intensely or whether they are 
equally emotional. There are a total of 40 questions: 18 questions where one of the faces 
is happier; 18 where one of the faces is more sad and 4 questions where the faces are 
equally happy or equally sad. This test is presented in appendix E.  
Penn Emotional Recognition Test: The ER40 is a computer-based test that 
includes 40 color pictures of facial expressions of emotions (happy, sad, angry and fear) 
and non-emotional or neutral faces. Emotional faces can either depict a high intensity 
emotion or a low intensity emotion for each type of expression (except for the non 
emotional faces that do not have this distinction). Stimuli are balanced for poser’s gender 
and ethnicity. The participant was asked to rate each face in a multiple choice question 
format as: happy, sad, angry, fear or no emotion. This test is presented in appendix F. 
Schematic Faces: This test addresses facial emotional recognition and it has been 
utilized in studies by Bouhuys and colleagues (Bouhuys et al., 1999; Bouhuys, Geerts & 
Mersch, 1997). Schematic faces are thought to hold cross-cultural similarity in the 
judgment of emotions and avoid factors such as age, gender, or attractiveness that could 
influence a person’s judgment. It consists of a series of 12 schematic faces (line 
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drawings) formed by a combination of four eyebrow types, three mouth types, one type 
of eyes, and one nose type. Three of the 12 faces are considered to convey ambiguous 
emotions (faces number 3,4 and 5) (Bouhuys, Bloem, & Groothuis, 1995) due to equal 
amounts of positive and negative emotions. Each face is rated in terms seven emotions 
attributes on a five point scale ranging from 1 – does not express the emotions to 5 – 
expresses the emotions very strongly. Subjects are instructed to judge how strongly each 
face shows each of the attributes.  The attributes are five basic emotions: fear, happiness, 
anger, sadness, disgust and two other adjectives: rejection and invitation. These two last 
attributes have been included in other studies using this test (Bouhuys et al., 1999; Hale, 
1998) due to findings that suggest that depressed patients judge social interactions in a 
more negative way than controls (Hoehn-Hyde, Schlottmann, & Rush, 1982). Happiness 
is considered a positive emotion whereas fear, anger, sadness and disgust are considered 
negative emotions. According to a study by Bouhuys and colleagues (1997), it was 
confirmed by factor analysis that invitation could be added to the positive emotions and 
rejection could be added to the negative emotions. This test is presented in appendix G.  
 DANVA 2 Adult Paralanguage: The DANVA2-AP consists of 24 auditory 
stimuli, which present the same neutral sentence “I’m going out of the room now, and I’ll 
be back later” reflecting different emotions at different levels of intensity each time. The 
participant is asked to identify the emotion being expressed in a multiple choice answer 
sheet. The test contains equal number of male and female trials of high and low intensity. 
There is also equal number of stimuli per emotions. The emotions expressed are happy, 
sad, angry and fearful. The response sheet of this test is presented in appendix H.  
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Postpartum Bonding Questionnaire (PBQ; Brockington et al., 2001): Consists of 
25 items rated on a scale of 0-5. A high score indicates more pathological responses. A 
factor analysis revealed four subscales. The first factor is “Impaired bonding” and 
consists of 12 items. The second factor is “Rejection and Anger” and consists of seven 
items. The third factor is “Anxiety about care” and consists of four items. The last factor 
is “Risk of abuse” and consists of two items.  The sum of scores for each subscale is 
calculated and an unfavorable parent-child relationship is scored if the rating shows a 
score of 12 or more for the first factor, 17 or more for the second, 10 or more for the third 
and 3 or more on the fourth.  With this cut-off levels, Brockington et al (2001) found 
specificity for “normal” mothers between 0.85 – 1.00 for the four subscales. The 
sensitivity varies between the subscales, but the subscale “Impaired bonding” has been 
shown to identify 90% of the mothers with some form of bonding disorder. This 
questionnaire is presented in appendix I. 
Emotional Recognition Questionnaire. This questionnaire was created for our 
pilot study and has been modified for this study based on usability and clarity of the 
questions. It consists of questions that rate the level of competence in emotional 
recognition and the consequences this ability –or inability- may bring in real life 
interactions. It also includes a question about how quiet/excitable and easy/difficult is 
their baby. For this study we have kept six out of the 10 multiple-choice questions. Four 
questions were removed because they were somewhat redundant appeared to be difficult 
to understand by the participants who responded to it. The new version of this 
questionnaire has six multiple-choice questions and two Likert-type scale questions. This 
questionnaire is presented in appendix J. 
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Procedure 
Recruitment 
After obtaining IRB approval, we distributed flyers in two different locations in 
the Greater Philadelphia area. The first location was “Drexel University’s Women’s Care 
Center”, an OB/GYN clinic that provides services for women during pregnancy and the 
postpartum period, located in Center City - Philadelphia, PA. The second location was 
“Birthmark”, a resource center for parents, which provides support groups for new 
mothers located in Media, PA. The flyers contained basic information about the study, 
inclusion-exclusion criteria, compensation and contact information of the study 
coordinator. Participants were self-selected; therefore, interested participants that 
considered they met the required criteria could contact the co-investigator by phone or 
email. Prospective participants who were interested in participating were scheduled for an 
in-person testing session or were sent information via email with instructions to complete 
the study on-line. We obtained only one response from the Drexel University Women’s 
Care Center, however the prospective participant did not meet criteria because she was 
still pregnant at the time. Twenty-five participants completed the study in person and 25 
completed the study online. All of the participants who were scheduled to do the testing 
in person completed the study. Four potential participants who signed in to do the study 
online had technical difficulties and could not complete some portions of it. Nine extra 
potential participants referred themselves for the study and were sent the information to 
complete it online, but later were unable to do it, stating that they did not seem to find the 
time, or without giving any explanation. The four participants, who started but could not 
complete the study, were Caucasian, married and living with their spouse or partner. One 
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of them worked outside of home full time, one worked part time and two stayed at home. 
They were on average 32.25 (±5.50) years of age, had 19.25 (±3.95) years of education, 
and were 20 (±4.32) weeks postpartum. Their EPDS score was on average 6.50 (±1.73). 
Tthese characteristics did not differ drastically from those of the participants who were 
included in the sample.  
Testing 
For those participants who completed the study in person, the testing session was 
conducted at the participant’s home or at any location that was convenient for her. The 
protocol of the testing session was as follows: On the day of the evaluation, the study 
coordinator reviewed and signed the consent form with the potential study participant. 
Consecutively, we asked the pertinent questions to confirm the inclusion-exclusion 
criteria. In the case a participant did not meet the inclusion-exclusion criteria we would 
have not continued with the testing session. If for any reason, they did not qualify, even 
though they endorsed them by referring themselves to the study, the session would have 
ended at this point. This was clearly explained in the informed consent. All participants 
who referred themselves for the study did meet the inclusion-exclusion criteria; therefore 
the testing session could proceed in all of the cases. With consent to continue, the 
coordinator gave some general instructions and the testing measures.  
At the end of the testing session, it was re-stated that this study did not intend to 
diagnose postpartum depression or any other condition, and every participant received an 
informational sheet containing facts about PPD and a self assessment checklist, as well as 
a list of resources where they could seek help if they considered the need to do so.  
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For those who completed the study online, they received an email message with a 
brief description of the study; inclusion-exclusion criteria; directions on how to access the 
online surveys and tests; a list of resources and emergency contact numbers. The on-line 
survey operated by PsychData contained the following measures: Peripartum 
Questionnaire, EPDS, SCL-90, Schematic Faces Test, DANVA2-AP, PBQ and ERQ. 
The PEAT40, Emodiff40, and ER40 were operated by the University of Pennsylvania 
WebCNP. Both are secure websites, and the information collected could be accessed only 
with the correct username and password. Potential participants could go to the survey 
website with the links provided in the email. At the beginning of the survey potential 
participants were presented with the Informed Consent Page. At the end of the informed 
consent we included a question that reads: “Do you agree with these statements AND 
consent to voluntarily participate in this study?” Followed by the options “yes” and “no”. 
By clicking “yes” the participant gave consent to participate in the study. At this point in 
the online study we also provided the contact information of the study coordinator in case 
the potential participant had any questions before giving consent to participate in the 
study. After giving their consent, participants were asked eligibility questions. Even 
though participants were be self-referred taking into account the inclusion-exclusion 
criteria posted in the flyers; if a participant did not meet the eligibility requirements, she 
would have been sent to a page that informed her that she is not eligible to participate in 
the study. The tests both online and in person were given in the following order: 
Peripartum Questionnaire, EPDS, SCL-90, Schematic Faces Test, DANVA2-AP, PBQ, 
ERQ, Penn EmoDiff40, Penn ER40 and Penn PEAT40. 
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After the completion of the study, participants received a $20 gift certificate for 
the store “Target”. Participants who responded to the study online had the option to 
receive an electronic gift-card sent by email or a gift-card sent by regular mail. 
Results 
Facial Emotional Recognition Accuracy 
 We hypothesized that women with higher EPDS scores would perform more 
poorly on measures of emotional recognition accuracy. To test this hypothesis we 
performed a series of correlation analyses between the EPDS scores and total correct 
responses from the PEAT40, EmoDiff40 and ER40. We found no significant correlation 
between the EPDS scores and number of correct responses from these three tests. We 
found no significant correlation between EPDS scores and correct responses to different 
emotions in the ER40 (happy, sad, angry, fear and no emotion), and to different 
intensities of the emotions (mild and extreme) (Table 1). We also did not find any 
significant correlation between the EPDS scores and the number of correct responses for 
trials depicting happy faces in the EmoDiff40 and number of correct responses depicting 
sad faces in the EmoDiff40 (Table 1). Also, no correlation was found between EPDS 
scores and PEAT40 different levels of emotions (very happy, happy-neutral, neutral, sad-
neutral and very sad). For the PEAT40 test, we also calculated the following scores:  
1. True positives responses: responses in the happy range for a happy slide in the 
happy-neutral portion of the task; and in the sad range for sad slides in the 
sad-neutral portion of the task. 
2. False positives: scores in the emotional range for neutral stimuli. 
3. True negatives: neutral responses to neutral faces.  
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4. False negatives: neutral responses to emotional faces.  
5. Sensitivity for happy and sad faces: refers to how “sensitive” participants are 
to the presence of correct emotion, and it is calculated using the following 
formula: (true positives + false negatives) for both happy and sad faces 
6. Specificity for happy and sad faces: refers to how well can the participant 
discriminate neutral from emotional stimuli, and it was calculated with the 
following formula: (true negatives + false positives) for both happy and sad 
faces. 
We found no significant correlation between EPDS scores and true positives, true 
negatives, false positives or false negatives from the PEAT40. We also found no 
significant correlation between EPDS scores and measures of sensitivity and specificity 
for happy and sad faces, (Table 1). In sum, women with higher levels of depression did 
not appear to have reduced emotional recognition abilities as assessed by the above-
mentioned tests.    
In terms of intensity of the stimuli of the ER40, a one-sample t-test showed a 
significant difference in recognition accuracy for faces that showed mild emotions          
(x¯=12.92, SD =2.31) as compared to faces with extreme emotions for the entire sample 
(x¯  =14.88, SD =1.51) t(25)=28.48, p<.001. We also found a significant difference in the 
number of correct identifications by type of emotion for the entire sample. Happy faces 
had the highest accuracy rate (x¯=7.76, SD =1.15) followed by sad (x¯=7.16, SD =1.11), 
fear (x¯=7.00, SD=1.23), angry (x¯=5.92 , SD =1.40) and no emotion (x¯=5.54, SD =1.90), 
t(49)=29.95, p<.05. In the EmoDiff40 test, participants in general showed a better 
recognition accuracy for sad faces (x¯=14.94, SD =2.16) than for happy faces (x¯=12.66, 
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SD =3.46), t(49)=25.90, p<.001. In the PEAT40, participants showed better recognition 
accuracy for faces in the happy-neutral range (x¯=10.04, SD =2.66) than faces in the sad-
neutral range (x¯=9.82, SD =2.50) t(49)=26.72, p<.001. Also, participants recognized 
“very happy” faces (x¯=4.62, SD =1.30) better than “very sad” faces (x¯=3.46, SD =1.31) 
in the PEAT40 t(49)= 25.28, p<.001; and slightly to moderately happy faces (x¯=18.98, 
SD =1.22) better than slightly to moderately sad faces (x¯=18.43, SD =1.48), t(49)=87.64, 
p<.001. In general, faces showing positively valenced emotions were more easily 
recognized than faces depicting negative emotions by the entire sample.  
Negative Bias 
 We hypothesized that women with higher levels of PPD would show a higher 
negative bias in their assessment of both schematic and regular faces. To assess negative 
bias we used measures from the Schematic Faces Test and the PEAT40. We performed a 
series of correlations between the EPDS scores and the following measures obtained from 
the Schematic faces test: 
1. Average ratings of positive emotions (happy, invitation) across 12 faces 
2. Average ratings of positive emotions (happy, invitation) from three 
ambiguous faces (3, 4 and 5) 
3. Average ratings of positive emotions (happy, invitation) from nine non-
ambiguous faces (1, 2, 6, 7, 8, 9, 10, 11 and 12) 
4. Average ratings of negative (fear, sad, anger, disgust, rejection) emotions 
across 12 faces 
5. Average ratings of negative emotions (fear, sad, anger, disgust, rejection) 
from three ambiguous faces (3, 4 and 5) 
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6. Average ratings of negative emotions (fear, sad, anger, disgust, rejection)  
from nine non-ambiguous face (1, 2, 6, 7, 8, 9, 10, 11 and 12) 
We found no significant correlation between the EPDS scores and any of the 
measures presented above from the Schematic Faces Test (Table 1).  
From the PEAT40 we obtained the following measures: 
1. Positive bias for happy faces: one point was allocated for the number of 
“steps” that the response given differed from the correct answer in the 
“positive” direction for happy faces. E.g. if the correct response was “slightly 
happy”, and the answer given was “moderately happy” we allocated one 
point. If the correct response was “slightly happy” and the answer given was 
“extremely happy” we allocated two points.  
2. Negative bias for happy faces: one point was allocated for the number of 
“steps” that the response given differed from the correct answer in the 
“negative” direction for happy faces.   
3. Positive bias for sad faces: we used the same procedure for sad faces. 
4. Negative bias for sad faces: we used the same procedure for sad faces. 
5. Total positive bias: the same procedure for happy and sad faces combined. 
6. Total negative bias: the same procedure for happy and sad faces combined.  
7. Number of responses in the happy range. 
8. Number of responses in the sad range. 
We found no significant correlation between the EPDS scores and the measures 
from the PEAT40 mentioned above (Table 1). These results indicate that women with 
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higher levels of depression did not show an increased perceptual negative bias for 
emotional faces.  
In terms of their pattern of performance, we found that for the PEAT40, 
participants in general showed a higher positive (x¯=3.76, SD =3.13) than negative bias x¯ 
x¯=1.65, SD =1.51) for faces in the happy–neutral range t(48)=7.68, p<.001, and also a 
higher positive (x¯=4.29, SD =2.16) than negative bias (x¯=2.78, SD =2.86) in the sad-
neutral range t(48)=6.80, p<.001. This means that participants in general tended to 
identify more faces in the sad range as neutral and also more faces in the neutral range as 
happy. 
Emotional Recognition Response Time 
 We hypothesized that women with higher levels of PPD would demonstrate a 
slower response time in the ER40, PEAT40 and EmoDiff40 tests. To test this hypothesis, 
we performed correlation analyses between EPDS scores and the following measures: 
1. Median response times for correct trials in the PEAT40 
2. Median response time for trials within one correct in the PEAT40 
3. Median response time for correct happy trials in the EmoDiff40 
4. Median response time for correct sad trials in the EmoDiff40 
5. Median response time for correct trials in the ER40 
We found no significant correlation between EPDS scores and median response 
times from the above-mentioned measures (Table 1). These results demonstrate that 
depression level was not associated to response time for any of the emotional recognition 
measures.   
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Auditory Emotional Recognition  
 We hypothesized that women with higher levels of PPD would perform more 
poorly on the DANVA2-AP, a measure of auditory emotional recognition. To test this 
hypothesis, we performed a series of correlations between EPDS scores and the following 
measures from the DANVA2-AP test: 
1. Total number of correct responses. 
2. Total number of correct responses for happy trials. 
3. Total number of correct responses for sad trials. 
4. Total number of correct responses for angry trials. 
5. Total number of correct responses for fear trials. 
6. Total number of correct responses for high intensity stimuli. 
7. Total number of correct responses for low intensity stimuli. 
8. Total number of “happy” responses despite being correct answer or not. 
9. Total number of “sad” responses despite being correct answer or not. 
10. Total number of “angry” responses despite being correct answer or not. 
11. Total number of “fear” responses despite being correct answer or not. 
We found no significant correlation between EPDS scores and the measures from 
the DANVA2-AP mentioned above (Table 1), which tells us that women with higher 
levels of PPD did not have impaired auditory emotional recognition abilities. Participants 
in general had a higher accuracy rate for statements expressing angry emotions (x¯=4.8, 
SD =1.01), followed by happy (x¯=4.71, SD =1.04), sad (x¯=4.60, SD =1.16) and fearful  
(x¯=4.20, SD =1.18) t(44)=30.49, p<.001. In addition, participants were able to correctly 
identify verbal statements expressing a high level of the emotion (x¯=9.52, SD =1.21) 
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better than statements expressing a lower level of the emotion (x¯=8.84, SD =1.54), 
t(43)=38.09, p<.001.  
Mother-Infant Bonding 
We hypothesized that women with higher levels of PPD would exhibit more 
troublesome bonding as assessed by the Postpartum Binding Questionnaire (PBQ). To 
assess for the relationship between mother-infant bonding and level of PPD we 
performed correlations between the EPDS scores and the following measures: 
1. PBQ total score. 
2. PBQ “Impaired bonding” factor sum of scores. 
3. PBQ “Rejection and anger” factor sum of scores. 
4. PBQ “Anxiety about care” factor sum of scores. 
5. PBQ “Risk of abuse” factor sum of scores. 
We found medium positive correlations between EPDS scores and PBQ total 
score (r=.417, p<.01), PBQ “Impaired bonding” factor (r=.363, p<.01), PBQ “Rejection 
and anger” factor (r=.339, p<.05), and PBQ “Anxiety about care” factor (r=.419, p<.01). 
The correlation between EPDS scores and PBQ “Risk of abuse” factor was not 
statistically significant (r=.191, p=.185) (Table 2). These results indicate that women with 
higher levels of PPD also had a more impaired bonding with their babies, showed more 
rejection and anger towards their baby, and expressed more anxiety about care of the 
baby. 
We also hypothesized that difficulties in bonding would be related to poorer 
performance in measures of emotional recognition. To test this hypothesis, we performed 
correlations between the PBQ measures (total score and factors) and emotional 
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recognition measures from all the tests administered. We found a large positive 
correlation between the PBQ total score and the reported frequency that the baby seemed 
to be in a negative mood as assessed by the ERQ (r=.592, p<.01). Large positive 
correlations were also found between the PBQ scores and the baby being rated as more 
difficult (r=.612, p<.01), and with more difficulties recognizing what the baby is feeling 
(r=.689, p=.01). Therefore, the more difficulties in the bonding with the baby as 
experienced by the mothers, the more frequently the baby is deemed to be in a negative 
mood, the more difficult the baby, as rated by the mother, and the more difficulty 
understanding what the baby is feeling. The PBQ total score was also moderately 
positively correlated with the total negative bias in the PEAT40 (r=.304, p<.05). The 
PBQ score was moderately negatively correlated with the specificity for happy faces in 
the PEAT40 (r=-.326, p<.05), and with the number of responses in the happy range in the 
PEAT40 (r=-.348, p<.05). Therefore, mothers who had more difficulty bonding with their 
babies had a higher negative bias when rating emotional faces in the PEAT40, considered 
fewer faces to be in the happy range, and showed less ability to discriminate neutral from 
happy faces (Table 1). 
In terms of the four different factors of the PBQ, we found that the “Impaired 
Bonding” factor was strongly positively correlated with the reported frequency the baby 
was in a negative mood (r=.619, p<.01), also strongly positively correlated with the baby 
being rated as more difficult (r=.582, p<.01), and with the reported frequency of 
difficulties in recognizing what the baby is feeling (r=.683, p<.01). This means that 
mothers with more impaired bonding also rated their babies as more difficult and more 
frequently in a negative mood; and reported more difficulties understanding what the 
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baby was feeling. We found a significant low negative correlation between this factor and 
the number of correct “no emotion” responses in the ER40 (r=-.289, p<.05), and also 
with the number of false negatives in the PEAT40 (r=-.289, p<.05). Therefore 
participants who reported more difficulties in their bonding with their babies also tended 
to rate faces less frequently as showing “no emotion”, and they tended to assign 
emotional values to faces more frequently in the ER40. In addition, mothers who reported 
more difficulties in their bonding also tended to assign less frequently neutral responses 
to emotional faces in the PEAT40. Similarly as with the ER40, they assigned more 
emotional value to the faces as their difficulty with bonding increased. The “impaired 
bonding” factor from the PBQ was also found to be moderately negatively correlated 
with the number of responses in the happy range in the PEAT40 (r=-.387, p<.01), with 
specificity for happy faces in the PEAT40 (r=-.369, p<.01), and with positive bias of sad-
neutral faces in the PEAT40 (r=-.314, p<.05).. This means that similarly to the overall 
PBQ score, those who scored higher in the “Impaired bonding” factor considered fewer 
faces to be in the happy range, showed less ability to discriminate neutral from happy 
faces, and in addition had a less positive bias particularly for sad faces. This factor was 
moderately positively correlated with a negative bias for happy faces in the PEAT40 
(r=.302, p<.05), and with total negative bias in the PEAT40 (r=.348, p<.05). Therefore, 
mothers with more impaired bonding rated faces in general, but particularly faces in the 
happy-neutral ranges, as more negative. Finally, there was a low positive correlation 
between the “Impaired bonding” factor and the number of correct sad identifications in 
the DANVA2-AP test (r=.297, p<.05), thus indicating that mothers with more troubled 
bonding were better at recognizing sad verbal emotions (Table 1).  
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The “Rejection and Anger” factor was strongly positively correlated with reports 
of baby being in a negative mood (r=.509, p<.01), baby rated as being more difficult 
(r=.559, p<.01), and reported difficulty recognizing what the baby was feeling (r=.642, 
p<.01). The more reported difficulties with the bonding, the more the baby was rated as 
being difficult, and in a negative mood; and the more difficulties recognizing what the 
baby was feeling. We also found a significant low negative correlation between the 
“Rejection and Anger” factor and the number of responses in the happy range of the 
PEAT40 (r=-.292, p<.05), and the “Rejection and Anger” factor and sensitivity for happy 
faces in the PEAT40 (r=-.292, p<.05). This means that the more rejection and anger 
toward the baby, the fewer faces were considered to be in the happy range in the 
PEAT40, and there was a lower ability to discriminate neutral from happy faces (Table 
1). 
The “Anxiety about care” factor was moderately positively correlated with 
perceiving people around them in a more negative mood (r=.309, p<.05), with the baby 
being more frequently in a negative mood (r=.375, p=.01), with the baby being rated as 
more difficult (r=.466, p<.01), with more frequent difficulties recognizing what the baby 
was feeling (r=.455, p<.01), and with more reported misunderstandings because others 
misinterpreted their emotions (r=.302, p<.05). These results tell us that mothers who 
expressed more anxiety about the care of their babies also tended to perceive others and 
their babies as being in a negative mood, their babies as being more difficult, have more 
difficulties recognizing what the baby was feeling, and also have more misunderstandings 
because others misinterpreted them (Table 1).  
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Finally, the “Risk of abuse” factor correlated moderately positively with the 
number of sad responses in the DANVA2-AP (despite whether they were correct or not) 
(r=.337, p<.05), with the median response time for correct responses in the PEAT40 
(r=.484, p<.001), and with the median response time to answers within one correct in the 
PEAT40 (r=.429, p<.01). This means that those participants who had a higher “risk of 
abuse” as assessed by the PBQ, also considered more emotional verbalizations in the 
auditory test to be sad, and took longer to respond correctly to emotional faces in the 
PEAT40, (Table 1). 
In summary, these results indicate that mothers who experience more troubled 
bonding with their babies also tend to perceive their babies as being more difficult and 
more frequently in a negative mood. They also express more difficulties in recognizing 
what the baby is feeling. In addition, mothers who have more troublesome bonding with 
their babies have an increased negative bias when interpreting facial emotions, as well as 
reduced abilities to discriminate neutral from happy faces. Also, mothers who report 
more difficulties in their bonding with their babies were better at recognizing sad 
emotions presented verbally, and assigned emotional value to neutral faces more 
frequently.  Mothers who report more anxiety about the care of their babies also reported 
experiencing more misunderstandings because others misinterpret them and perceive 
people around them to be more frequently in a negative mood.  
Self-Reported Difficulties in Emotional Recognition 
We hypothesized that women with higher levels of PPD would self-rate their 
emotional recognition abilities as more troublesome. To assess for the relationship 
between PPD level and self-reported difficulties in emotional recognition we gave 
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numerical values to the ERQ responses, and performed correlational analyses between 
the obtained scores and EPDS scores (For these measures a lower number represents 
more frequency of reported difficulties). We found a medium positive correlation 
between EPDS scores and ERQ scores of misunderstandings because of other people 
misinterpreting their emotions (r=.337, p<.05). This means that the higher the PPD scores 
the more frequent misunderstandings were reported. No other significant correlation 
between EPDS scores and self reported difficulties in emotional recognitions as assessed 
by the ERQ were found (Table 1). 
Anxiety 
 We also hypothesized that there would be an association between levels of 
anxiety and measures of emotional recognition, although this association would not be as 
strong as with depression. To test this hypothesis, we conducted a series of correlation 
analyses between the SCL-90 score and our emotional recognition measures as a first 
screening, and then regression analyses using both depression and anxiety as predictive 
variables and each measure of emotional recognition that would turn out to be 
significantly correlated with anxiety as a dependent variable. We found a significant 
medium negative correlation between Anxiety levels and the number of correct responses 
to very sad faces in the PEAT40 (r=-.387, p<.01) (Table 1). This result tells us that 
participants with higher levels of anxiety on average were less accurate recognizing very 
sad faces in one of the emotional recognition tests. Since this was the only significant 
correlation, we then performed a linear regression analysis with PEAT40 very sad faces 
correct responses as the dependent variable, and both depression and anxiety as the 
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predictor variables. This negative correlation remained constant after controlling for 
postpartum depression (B=-.211, Std Error= .061, ß=-.717, p<.01).  
Peripartum Questionnaire - Demographic variables 
A series of independent samples t-tests and chi square analyses were performed to 
evaluate difference between participants who scored 11 or above on the EPDS and below 
11. In addition, we performed correlations and linear regression analyses to assess any 
relationship between demographic variables and EPDS scores analyzed in a continuum. 
When we compared women who scored above and below 11 in the EPDS, we found that 
women who scored 11 or higher in the EPDS were significantly less satisfied with their 
current employment situation (x¯=3.00, SD =0.76) than those who scored below 11 in the 
EPDS (x¯=3.53, SD =0.70), t(48)=-2.49, p<.05. Employment satisfaction was measured 
by asking participants to rate their overall level of satisfaction in a scale of 1 to 4, being 
1: very dissatisfied, 2: somewhat dissatisfied, 3: somewhat satisfied and 4: very satisfied. 
We also found a significant relationship between marital status and level of depression. 
While 12.5% of women who scored 11 or above in the EPDS were single (n=2), none 
were single in the group who scored below 11. χ2(1)=4.427, p<.05. We found no 
significant relationship between level of depression (above or below 11 in the EPDS) and 
age, years of education, weeks postpartum, ethnicity, living situation, and employment 
situation (Table 3). 
Our correlation analyses using the EPDS scores as a continuum showed a 
significant moderate negative correlation between level of depression and employment 
satisfaction (r=-.386 p<.01). Women who had higher levels of depression were 
significantly less satisfied with their current employment situation, despite the nature of 
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their employment. We found no significant correlation between EPDS scores and age 
(r=.086, p=.553), years of education (r=-.073, p=.619) and weeks postpartum (r=.230, 
p=.112). A regression analysis using marital status as the only predictor variable and 
EPDS score as the dependent variable demonstrated that marital status significantly 
predicted lower levels of postpartum depression as assessed by the EPDS (p<.05). On 
average single women in this sample scored 7.19 (Std. Error = 3.38, ß=-.294) higher on 
the EPDS. We found no difference in EPDS scores in relation to ethnicity, living 
situation and employment situation. On average, the sample for this study had 32.38 ± 
4.84 (SD) years of age, 17.61 ± 2.60 (SD) years of education, and as previously 
mentioned, they were 14.59 ± 5.48 (SD) weeks postpartum. The participants for this 
study were primarily Caucasian (88%), married (96%), lived with their spouse or partner 
(96%) and had a varied array of employment settings (Table 3). 
Sleep  
 In the questions related to sleep we asked participants to report the number of 
hours slept last night, and the average number of hours slept every nigh for the past two 
weeks. We also asked them to rate their level of sleep deprivation the day of the testing 
and on average over the past two weeks on a scale from 1 to 10 being 1 “not sleep 
deprived at all” and 10 “so sleep deprived I can’t stand it.” We found that women who 
scored 11 or higher in the EPDS reported on average approximately one less hour of 
sleep over the past two weeks (x¯= 5.87, SD =1.41) as compared to women who scored 
below 11 in the same test (x¯=6.79, SD =1.26), t(24.13)=-2.18, p<.05. Women who scored 
11 or higher in the EPDS also reported being more sleep deprived the day of the testing 
(x¯=5.81, SD =2.81) as compared to women who scored below 11 in the EPDS (x¯=3.15, 
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SD =1.78), t(48)=3.87, p<.01, and more sleep deprived over the past two weeks (x¯=5.8, 
SD =2.62) as compared to those who had lower scores in the EPDS (x¯=4.0, SD =1.70), 
t(48)=2.90, p<.01. We found no difference in hours slept the previous night between the 
two groups t(23.60)=-1.78, p=.89.  
When we analyzed the same variables with correlation analyses, we found a 
significant medium negative correlation between EPDS scores and averaged hours of 
sleep in the past two weeks (r=-.371, p<.001). On average women with higher EPDS 
scores had slept less hours over the past two weeks. We also found a medium positive 
correlation between EPDS scores and sleep deprivation both for the day the test was 
completed (r=.459, p<.001), and over the past two weeks (r=.435, p<.01), which means 
that women with higher levels of PPD reported being more sleep deprived both the day 
the testing was completed and over the past two weeks. We found no significant 
correlation between hours slept the previous night and EPDS scores (r=-.276, p=.053). A 
regression analysis demonstrated that for every extra hour slept per night over the past 
two weeks, the EPDS score diminished on average 1.32 points.  
Peripartum History 
When we compared women who scored above and below 11 in the EPDS we 
found no significant relationship between groups and number of pregnancies, number of 
children, delivery method, complications during pregnancy and delivery, delivery 
expectations, delivery satisfaction; and breastfeeding (Table 3). Also no significant 
relationships were apparent between EPDS scores as a continuum and the variables 
mentioned above. On average women in this sample had 1.92 ± 1.35 (SD) pregnancies 
and 1.58 ± 0.99 (SD) children. For the majority this was their first child (52%), had a 
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vaginal delivery (74%), did not experience complications during pregnancy (68%), did 
not experience complications during delivery (76%), and were breastfeeding (94%) 
(Table 3). When asked on a scale from 1 to 10 how satisfied they were with their delivery 
experience being 1 “not satisfied at all” and 10 “completely satisfied”, women rated their 
satisfaction an average of 7.33 ± 2.99 (SD). When asked about how much their delivery 
experience matched their expectations from 1 “did not meet their expectations at all” to 
10 “matched their expectations completely”, women on average rated their delivery 
experience an average of 5.96 ± 2.99 (SD). Upon a qualitative analysis of their reported 
pregnancy complications, we found that participants reported the following problems: 
extreme nausea (n=1), gestational diabetes (n=4), mild preclampsia/preclampsia (n=3), 
frequent monitoring due to small size of the baby (n=1), incomplete cervix (n=1), high 
blood pressure, cholestasis (n=1), Hellp Syndrome (n=1), high fetoprotein (n=1), elevated 
PAPP-A (n=1), antibodies (n=1) and 2-cord placenta (n=1). Among those who reported 
complications during their delivery, we found the following responses: hemorrhage after 
emergency c-section (n=1), baby’s blood sugar needed to be regulated after delivery 
(n=1), baby born with the umbilical cord around the neck (n=3), clotting after delivery 
(n=1), vacuum that did not work (n=1), emergency c-section (n=3), and a long labor of 
36 hours (n=3).    
Postpartum Depression History 
We asked questions pertaining postpartum depression history only to women who 
reported having been diagnosed with postpartum depression. Four participants from our 
sample reported being diagnosed with PPD, however, at the time of the testing only one 
of the four had a score equal or above 11 on the EPDS. From the four participants who 
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reported having been diagnosed with PPD one of them explained that she was diagnosed 
after her previous baby was born and therefore she started taking antidepressant 
medications prophylactically after her last delivery. From the other three respondents, the 
reported onset time of their symptoms was four days, two weeks, and five weeks after 
delivery respectively. They all reported receiving help for their symptoms. Two out of the 
three reported taking antidepressant medications, and one of the reported taking 
antidepressants and also having attended counseling for four sessions.  
Depression History 
All of the participants were asked about previous episodes of major depression or 
postpartum depression, and family history of depression. Following the same procedure 
as with previous sections of the peripartum questionnaire, we compared women who 
scored above and below 11 in the EPDS in terms of depression history variables with a 
series of chi-square analyses. We found a significant relationship between depression 
status (above or below 11 in the EPDS) and previous history of major depression. While 
56.25% of women who scored 11 or above in the EPDS reported a previous history of 
depression, only 22.22% of women who scored below 11 reported such history, 
χ2(1)=5.191, p<.05. We found no relationship between postpartum depression status and 
previous history of postpartum depression, previous history of major depression and 
postpartum depression combined, family history of depression, currently taking 
medications in general, and currently taking psychiatric medications, (Table 3).  
In order to assess the same variables using EPDS scores in a continuum, we 
performed a series of regression analyses using the EPDS score as the dependent variable 
and the depression history responses as predictor variables. We found that previous 
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history of major depression only (p<.01), previous history of major depression and/or 
PPD (p<.05); and family history of depression (p<.05) significantly predicted EPDS 
scores.  We did not find any significant relationship between EPDS scores and taking 
psychiatric medications or medications in general (Table 4). Also for participants for 
whom this was not their first child (multiparas) EPDS scores were not significantly 
related to previous episodes of PPD.   
Stress 
For this section of the peripartum questionnaire we asked participants to rate their 
overall level of stress on a scale from 1 to 10; 1 being the lowest and 10 the highest. 
Women who scored 11 or higher in the EPDS reported a significantly higher overall level 
of stress (x¯=7.5, SD =1.55) as compared to those who scored below 11 in the EPDS (x¯
=4.19, SD =1.86) t(31.63)=6.53, p<0.01. We also found a significant large positive 
correlation between rated stress and EPDS scores (r=.715, p<.01), thus women with 
higher levels of PPD were also reporting on average higher levels of stress. Women were 
asked to describe their main sources of stress. Upon a qualitative analysis of their 
responses we found that women reported worrying about finances (n=7), about their 
employment situation or going back to work (n=13), about finding appropriate childcare 
arrangements (n=3), and difficulties with feeding the baby either because of physical 
problems or finding enough time (n=5). Other sources of stress included taking care of 
their household (n=7), the new baby (n=8), and older children (n=10). They also reported 
feeling stressed because of different situations with their husbands (n=7), not having 
enough “balance” or time for themselves (n=11), and not getting enough sleep (n=7). 
Others reported stress due to specific circumstances such as moving into a new home 
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(n=1), older son going to college (n=1), husband’s unemployment or illness (n=2) or 
taking care of a step-child (n=1), and loss of a close family member (n=1). We observed 
that these responses were given equally by women who scored both above and below 11 
in the EPDS score, however, women who scored above 11 in the EPDS also reported 
stress due to their new role as a mother and feelings of inadequacy (n=4). These 
responses were not mutually exclusive.   
Anger 
In this section, participants were asked to rate how angry, annoyed, resentful and 
irritable they have felt over the past two weeks. The ratings were 1=always, 2=most of 
the time, 3=sometimes, and 4=rarely. Higher scores in the anger scale indicate less 
frequency of the reported feeling. We found that women with scores of 11 or higher in 
the EPDS reported feeling more angry (x¯=3.07, SD =.458), t(48)=-2.94, p<.01, annoyed 
(x¯=2.67, SD =.62), t(19.40)=-3.07, P<.01, and irritable (x¯=2.60, SD =.74), t(48)=-3.55, 
p<.001, than women with scores below 11 in the EPDS (x¯=3.51, SD =.51), (x¯=3.20, SD 
=.41), (x¯=3.23, SD =.49) respectively. Please note that for this scale lower scores indicate 
more frequency of feeling the emotion. Women with scores above and below 11 in the 
EPDS did not differ in how resentful they reported feeling (x¯=3.12, SD =.64; x¯=3.51, SD 
=.56 respectively), t(23.72)=-1.99, p=.057. We did find strong negative correlations 
between EPDS scores and less frequency of anger (r=-.559, p<.001), and irritability (r=-
.642, p<.001) over the past two weeks; and medium negative correlations between EPDS 
scores and less frequency of feelings of being annoyed (r=-.492, p<.001) and resentful 
(r=-.389, p<.001) over the past two weeks. These results indicate that the higher the PPD 
   54 
score the higher the frequency of feeling angry, irritable, annoyed and resentful over the 
past two weeks.  
Post Hoc Analysis of Diagnosis of PPD 
 As a post hoc analysis, we compared the results from participants who endorsed 
having been diagnosed with PPD even if they were not showing significant symptoms; 
with those participants who had not been diagnosed with PPD. These analyses are of an 
exploratory nature, and should be taken cautiously since the number of participants who 
had reported a diagnosis of PPD is low compared to those who did not endorse the 
diagnosis. We found that participants with a diagnosis of PPD (n=4) were better at 
recognizing neutral faces from the PEAT (x¯=18.50, SD =1.92) than those without the 
diagnosis (n=46), t(48)=4.00, p<.05, and also moderately and mildly sad faces in the 
PEAT40 (x¯=12.75, SD =1.89) than participants without the PPD diagnosis (x¯=9.57, SD 
=2.39), t(48)=3.15, p<.05. However, those with the diagnosis recognized fewer very sad 
faces in the PEAT40 (x¯=2.00, SD =0.00) than participants without the diagnosis (x¯=3.59, 
SD =1.29), t(48)=-2.43, p<.05. In addition those participants who endorsed having been 
diagnosed with PPD after their last pregnancy had a higher number of true negatives in 
the PEAT40 (x¯=18.50, SD =1.92) than those without the diagnosis (x¯=14.20, SD =3.29), 
t(47)=3.99, p<.05,  less false positives in the PEAT40 (x¯=1.00, SD =1.41) as compared to 
participants without the diagnosis (x¯=3.11, SD =2.04), t(4.19)=-2.74, p<.05, as well as a 
higher total specificity (x¯=19.50, SD =0.58), t(47)=5.37, p<.05, higher specificity for 
faces in the sad range (x¯=9.75, SD =0.50), t(47)=4.29, p<.01, and higher specificity for 
faces in the happy range (x¯=9.75, SD=0.50), t(47)=2.65, p<.05 than women without the 
diagnosis (x¯=17.31, SD =1.93; x¯=8.38, SD =1.34; x¯=8.93, SD =1.21, respectively).  We 
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also found that women with the PPD diagnosis rated ambiguous faces in the schematic 
faces test as less positively (x¯=1.33, SD =0.14) than women without the diagnosis          
(x¯=1.56, SD =0.45), t(47)=-2.34, p<.05, and had a lower negative bias for sad faces in the 
PEAT40 (x¯=0.50, SD =1.00) than those without a diagnosis of PPD (x¯=2.98, SD =2.89), 
t(47)=-3.75, p<.01. In terms of measures of anger, our results indicated that women with 
a recent PPD diagnosis were less resentful over the past two weeks (x¯=4.00, SD =0.00) as 
compared to their counterparts without the diagnosis (x¯=3.35, SD =0.60), t(48)=2.14, 
p<.05. (higher scores indicate less frequency for the measure of resentment). 
In terms of demographic questions we found an association between PPD 
diagnosis a previous history of major depression χ2(1)=26.29, p<.001, previous history of 
PPD, χ2(1)=6.94, p<.01, previous history of major depression or PPD combined, 
χ2(1)=82.08, p<.001, taking medications in general, χ2(1)=82.08, p<.001, and taking 
psychiatric medications χ2(1)=26.13, p<.001, (Table 5). 
In sum, women who had been diagnosed with PPD after their last pregnancy, 
showed increased facial recognition accuracy for neutral and mildly to moderately sad 
faces; and were better at discriminating emotional from neutral stimuli. They also showed 
both less positive bias and less negative bias in rating facial emotions, were less resentful 
and had a higher incidence of previous major depression as well as PPD. Finally they 
were taking more medications in general and psychiatric medications as compared to 
women who had not received a recent diagnosis of PPD.  
Results Summary 
In general, our results indicate that women who experience higher levels of PPD 
also experience higher levels of anxiety, higher levels of stress, and report more feelings 
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of anger (being more annoyed, resentful and irritable). Women with increased levels of 
PPD reported sleeping significantly fewer hours per night and feeling more sleep 
deprived. We also found levels of PPD to be associated with being single, being less 
satisfied with the current employment situation, having a previous history of depression 
and having family members with a history of depression. Women with higher levels of 
PPD also reported more troublesome bonding with their babies. In turn, participants who 
reported more difficulties in bonding with their babies also rated their babies as more 
difficult, as being more frequently in a negative mood, and reported more difficulties in 
recognizing what the baby is feeling.  
Mothers who reported more troublesome bonding with their babies also showed 
an increased negative bias for facial emotions, were more likely to assign emotional value 
to neutral faces, had more trouble recognizing neutral faces in the ER40, and had more 
difficulties discriminating neutral from happy faces. In addition those mothers with more 
impaired bonding with their babies were better at recognizing sad emotions presented 
verbally. We found that women with higher levels of anxiety were better at identifying 
very sad faces, but anxiety was not associated with any other measure of emotional 
recognition or negative bias. Participants with increased symptoms of PPD also reported 
feeling more misunderstood by others, but no other difficulty was reported on average in 
terms of their self-ratings of emotional recognition. We found levels of PPD not to be 
associated with decreased recognition accuracy for both facial and auditory emotions, as 
well as no association with increased negative bias.  In general, all participants were 
better at recognizing facial expressions depicting positive emotions rather than facial 
emotions showing negative emotions.  
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Discussion 
Our results demonstrate that a stronger association between emotional recognition 
abilities and mother-infant bonding than between emotional recognition and levels of 
PPD. No other study has analyzed the association between mother-infant bonding and 
emotional recognition abilities in the postpartum period by using facial and auditory 
emotional recognition tests. Not surprisingly, we found that more impaired bonding was 
associated with other variables regarding the infant, such as the frequency that the baby is 
rated in a negative mood or as more difficult. Our results also showed that mothers who 
reported more difficulties in their bonding with their babies also showed fewer responses 
to happy-neutral faces, more negative bias in identifying facial emotions and more 
difficulty identifying neutral emotions. This suggests that mothers with more troublesome 
bonding with their babies tend to perceive facial emotions as more sad, less frequently 
interpret facial emotions as happy, and are also more likely to attribute emotional states 
to faces that otherwise would be rated as neutral. Participants’ reports of having more 
difficulties understanding what the baby is feeling are then in line with their actual 
reduced ability to accurately identify emotional faces.   
Even though more research is needed to clarify the directionality of this 
association there is a possibility that misinterpretations of emotional states of the baby, 
particularly attributing more negative emotions than they truly exist, may lead to 
increased difficulties in forming a healthy bond. And the fact that mothers with more 
impaired bonding showed more difficulty discriminating happy faces could be indicative 
a lower ability to be “attuned” with positive facial expressions of the infant and therefore 
interfere with the bonding as well. Other studies have suggested that insensitivity to the 
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infant’s emotional cues particularly in depressed mothers may derive from the mother’s 
state of preoccupation (Filed, 1995), however this study indicates that potential 
impairment in emotional recognition abilities may be a reason for this lack of attunement.  
It is also possible that increased difficulties in mother-infant bonding may lead to 
more impaired emotional recognition abilities due to mechanisms such as the mothers 
spending less time looking at their babies, touching them, and talking to them (Field, 
1984), and therefore being less able or having less opportunities to “pick up” on the 
babies’ emotional cues.   
Discussions of emotional recognition should consider the relational aspect of this 
process. So far we have focused on what may be happening on the mother’s side, 
however, there could also be infant factors that play a role as well. For instance, it has 
been reported that depressed women, whom may tend to have more impaired bonding 
with their babies as demonstrated in this study, make fewer positive faces and more 
negative faces, (Field, 1995). In turn, infants of depressed mothers tend to match the 
mother’s negative behavioral states and “depressed” mother-infant dyads spend greater 
amount of time together on negative states (Field et al., 1990). It is possible then that this 
tendency to function in a more constricted and negative range on emotions may play a 
role in the ability to recognized different emotions and an increased tendency to attribute 
negative emotions to neutral states. However, the mechanism that leads babies of 
depressed mothers to “match” their mother’s behavioral state is still unclear. The models 
proposed by Field (1995) include a lack of “psychobiological attunement” where the 
mother provides inadequate stimulation for the development of interaction skills, and by 
the mother being “emotionally unavailable”; mother and infant do not become 
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synchronized and the infant is more likely to become behaviorally disorganized. Another 
postulation states that there can be prenatal environmental effects: genetic or intrauterine, 
that predisposes the infant to become “depressed” even before interacting with the 
mother. There is evidence that suggests that newborns born to mothers who were 
depressed during pregnancy are more fussy, less consolable, lack robustness, and have 
excessive indeterminate sleep patterns (Whiffen & Gottlieb, 1989, Field, 1995). It could 
be the case that both difficulties in bonding and in emotional recognition by the mother 
could arise from characteristics of the infant.  
The question remains as to whether infants of mothers reporting more 
troublesome bonding patterns are in fact more difficult and more frequently in a negative 
mood, or whether mothers from these dyads are simply rating their babies in a more 
negative way. In the present study, we observed this association, however our 
questionnaires were not targeted to make a distinction regarding mothers’ ratings and true 
nature of their babies. According to a study by Foreman and Henshaw (2002) with 
postnatally depressed mothers, questionnaires about infants tend to reflect the mother’s 
judgment of them, even in apparently objective phenomena or physical symptoms. This 
indicates that maternal and infant wellbeing are not easily separable in questionnaires of 
maternal perceptions. 
A significant positive relationship was found between levels of PPD and 
decreased bonding between mother and infant. In our sample, mothers who reported 
higher levels of PPD also expressed more difficulties in their bonding with their babies. 
Several other studies have also reported difficulties in bonding between mother and infant 
in mothers who experience PPD. For instance, Kumar and Robson (1984) reported “lack 
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of emotional warmth” in mothers with PPD. Brockington et al. (2001) reported that 29% 
of mothers diagnosed with PPD present with what he refers as “mother-infant 
relationship disorder” or “bonding disorder” which is a group of overlapping clinical 
states with various morbid elements in the relationship between mother and infant, such 
as rejection of the baby, or extreme anxiety about the care of the baby. Furthermore, 
maternal depressive symptoms at two weeks, six weeks, four months, but not at 14 
months postpartum, have been found to be strongly associated with lower quality of 
maternal bonding to the infant and child from two weeks until 14 months of postnatal 
age, thus implying a “sensitive period” with regard to the mother-child relationship, and 
moderately lasting effects in the initial establishment of the mother-infant bond (Moehler 
et al., 2006). In addition, Meredith and Noller (2003) have reported that depressed 
mothers had a more “preoccupied” attachment style by comparison to their non-
depressed counterparts; and also to perceived characteristics of the infants and the 
reported mother-child relationship.  A study by McMahon et al. (2006) adds that although 
postpartum depression is associated with an insecure mother-child attachment, this 
relationship is moderated by chronicity of the depressive disorder and maternal 
attachment state of mind in terms of their own attachment.  The question still remains as 
to whether bonding difficulties are a result of the depressive disorder or if there is a 
possibility that the “bonding disorder” precedes symptoms of PPD. In this regard, a study 
by Kumar (1997) explained that when a mother has bonding difficulties the depression 
may eventually lift but the bonding problem remains, and even if the physical care from 
the mother to the infant is good, emotional warmth continues to be absent.  
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The link between postpartum depression and bonding difficulties between mother 
and child is not fully understood. It has been reported that in a depressed state, mothers 
tend to have difficulty responding contingently to their infant’s signals, and express 
positive emotions towards their infants less often (Field, 1995). In addition, depressed 
mothers and their infants tend to spend more time exchanging negative emotional states 
and less time sharing positive emotional states (Field, Healy, Goldstein & Guthertz, 
1990). It is possible then, that due to their depressed emotional state, postpartum 
depressed mothers “connect” with their babies more often within the realm of negative 
emotions and interactions, which may hinder the establishment of a healthy bond. It has 
also been suggested that maternal depression needs to be viewed in the context of 
intergenerational family conflicts, where a previous history of maladaptive relationships 
may have an impact in the relationship between mother and child more so that the 
maternal depression in itself (Lyons-Ruth, Lyubchik, Wolfe & Bronfman, 2002). 
Therefore, the mother’s own attachment style may be associated to vulnerability to 
depression as well as to the quality of the attachment with the new infant (McMahon et 
al., 2006).  
Various hypotheses have been put forward in terms of the causes of postpartum 
depression, from changes in the concentration of hormones during pregnancy and the 
immediate postpartum to a whole host of psychosocial variables. Recent studies have 
implicated the role sleep physiology and sleep deprivation in perinatal psychiatric 
disorders. We found a significant association between self-rated sleep deprivation on the 
day of the testing and over the past two weeks, and levels of PPD. Specifically, our 
findings suggest a positive association between PPD and hours slept over the past two 
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weeks, but not hours slept the previous night only. Our findings are consistent with the 
ones reported by Lee, McEnany and Zakkfe (2000) comparing women during pregnancy 
and later in the postpartum period whose ratings for mood-state after one month 
postpartum had improved from their mood during their third trimester (positive affect), 
and women whose ratings for mood-state after one month postpartum had decreased from 
their third trimester (negative affect). This study found that women with negative affect 
slept 80 minutes less than women with positive affect on average at one month 
postpartum. Only a few studies have specifically examined sleep in women currently 
suffering a PPD episode. One study by Godfroid, Hubain, Dramaix and Linkowski 
(1997) examined EEG recordings in a laboratory setting in women with a current episode 
of PPD, non-depressed women who had a previous episode of PPD and women with 
major depression. They found that women with PPD had better quality of sleep and that 
their sleep was less disturbed as compared to women with depression unrelated to 
pregnancy. These are interesting results, however, this study was performed in a 
laboratory setting, after two nights of habituation and women spent the nights without 
their infants. In addition women in that sample were not breastfeeding. It is possible then 
that the sleep was not typical of their usual patterns, and therefore the degree to which 
this data reflect sleep quality in PPD in a more naturalistic setting is questionable. 
Another study by Dennis and Ross (2005) found that women with higher scores in the 
EPDS (>13) at four and eight weeks postpartum were significantly more likely to sleep 
less than 6 hours in a 24-hour period over the last week, be woken up three times or more 
between 10:00 pm and 6:00 am, and were more likely to report that they often felt tired. 
They also reported a behavioral pattern in their infants that is more prone to disturb their 
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own sleeping pattern such as the baby crying often, the baby not sleeping well and 
thinking that their baby’s sleep pattern did not allow them to get a reasonable amount of 
sleep. Some other studies have focused on the infant’s sleeping patterns (Armstrong et 
al., 1998; Hiscock & Wake, 2002). Even though they did not measure maternal sleep 
parameters directly, they found a consistent association between maternal depression and 
children’s sleeping problems with the underlying idea that problem sleeping behavior in 
the child could result in sleep disruption for the mother. A review on the topic by Ross, 
Murray and Steiner (2005) concluded that there seems to be consistent differences in 
EEG sleep and sleep time among women who are either at risk for PPD or who report 
depressed mood in the postpartum period, such as reduced REM latency, increased total 
sleep time during pregnancy and decreased total sleep time in the postpartum period. It is 
also possible that hormonal changes during pregnancy and the postpartum may play a 
role in sleep regulation. Hormones such as progesterone, estrogen, cortisol and oxytocin 
have been studied in terms of their role in sleep, however there is still conflicting data 
mostly because of differences in methodological techniques (Ross, Murray & Steiner, 
2005). As a final remark, it is important to mention that the EPDS contains one question 
related to sleep “I have been so unhappy that I have had difficulty sleeping”, therefore we 
cannot discard the possibility that the correlation between sleep and PPD is inflated due 
to the instrument used to assess PPD.  
In sum, event though more research is needed to fully understand the relationship 
between sleep and postpartum depression, evidence so far demonstrates that an increase 
in depression levels tends to be associated with less sleep and more fatigue and sleep 
deprivation. This association however does not answer the question of which comes first. 
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It could be that reduced sleep propitiates increased levels of PPD, or that mothers who are 
depressed sleep less for other reasons or due to the disorder itself. In terms of the infants’ 
sleeping patterns, it could be the case that depressed mothers are sleeping less because of 
having to respond to their infant’s needs, but it is also possible that infants of depressed 
mothers are more prone to sleeping problems.  
Another variable that was analyzed is that of the feelings of anger. Anger in the 
postpartum period has not been studied as thoroughly as depression, possibly because of 
social taboos about anger in postpartum women. Depression after childbirth can be 
explained by factors that are inevitable such as hormonal changes or intrinsic pathology 
of the mother, however feelings of anger imply that “there is something to be angry 
about” which contrast with the stereotype of a new mother (Graham, Lobel & DeLuca, 
2002). Our results revealed an association between anger, irritability, feeling annoyed, 
and feeling resentful over the past two weeks; and levels of PPD. These results are 
consistent with other studies that have also found depression and anger to be strongly 
correlated (Riley, Treiber & Woods, 1989; Wells, Hobfoll & Lavin, 1999; Graham, Lobel 
& DeLuca, 2002), thus supporting the idea of two different constructs that tend to co-
occur.   
It was also found that levels of postpartum depression were strongly correlated 
with levels of reported stress. This result is consistent with findings by Gotlib, Whiffen 
and Wallace (1991), who found higher levels of stress in PPD in women during the 
postpartum period, and also in pregnant women who would later develop symptoms of 
PPD. The question of whether stress is a cause or a consequence of the depressive 
symptoms remains open, however the prospective study by Gotlib et al. (1991) suggests 
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that stress may precede PPD symptoms. From the qualitative analysis of the responses 
about particular stressors in the current study we could identify certain themes that were 
common across participants. These stressors included finances, employment situation, 
balancing career and home, taking care of the new baby, home and older children, 
relationship with husband, sleep, childcare arrangements, and concerns about role as a 
mother. There were some responses about stressors given by women with particularly 
elevated scores in the EPDS which included: worries about adequacy of role as a mother, 
body image, resentment towards husband, and missing feelings of success at work. These 
responses are of a qualitative nature and are not intended to be generalized, but still 
provide us with a more intimate look at that nature of the stressors for women in the 
postpartum period in general and those with elevated levels of PPD.  
Our results also revealed an association between postpartum depression and 
previous episodes of depression. This finding is in line with several other studies that 
have also found such association (Wattson, Elliott, Rugg & Brough, 1984; Wolkind & 
Zajlicek, 1981, Eberhard-Gran, Eskild, Tambs, Samuelsen, & Opjordsmoen, 2002; 
Nielsen-Forman, 2000, Schaper, Rooney, Kay, & Silva, 1994; Johnstone et al., 2001, 
Cooper & Murray, 1995; Bloch, Rotenberg, Koren & Klein, 2006). However some others 
have reported no relationship (Cox, Connor, Kendell, 1982; Kumar & Robson, 1984, Pitt, 
1968, Dalton 1971). The chance to develop postpartum depression or psychosis in 
women with a past history of an affective disorder has been reported to be between 1:5 
(Kendell, 1985) and 1:3 (Garvey, Tuason, Lumry & Hoffmann, 1983).  
Previous episodes of PPD were not found to predict current levels of the disorder. 
While a study by Nielsen-Forman (2000) supports this notion, several other studies 
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maintain the opposite view (Bloch et al., 2006; Stowe & Nemeroff, 1995; Webster, 
Linnane, Dibley, & Pritchard, 2000). According to Garvey et al. (1983), the probability to 
develop PPD if and episode of PPD was experienced in the past is 75%. While Schaper et 
al. (1994) reports that a past episode of PPD without psychotic symptoms predicts a 30% 
to 50% probability of a PPD episode in the next pregnancy.  
Our study also revealed that increased levels of PPD were associated with family 
history of depression. While several other studies confirm this notion (O’Hara et al., 
1984, Asch & Lowell, 1974, Kendell, 1985, Bloch et al., 2006, Stowe & Nemeroff, 
1995), some other studies do not report such relationship (Kumar & Robson, 1984, 
Schaper et al., 1994).  
Women with higher symptoms of postpartum depression also showed more 
dissatisfaction with their current employment situation regardless the nature of their 
current job. Employment dissatisfaction may be both a cause and a consequence of 
postpartum depression. Few other studies have assessed this factor in women with PPD. 
Lane et al. (1997) reported higher levels of unemployment in women with PPD; Righetti-
Veltema, Conne-Perreard, Bousquet and Manzano (1998) found more “socio-professional 
difficulties”; and O’Hara, Neunaber and Zekoski (1984) indicated more “financial-
professional” difficulties in this group. In our sample, women in both groups did not 
differ in their distribution across employment situations.  
The question remains as of whether women with higher symptoms of postpartum 
depression report increased dissatisfaction in different areas of their life and functioning 
in general (e.g. employment dissatisfaction, more stress) due to a generalized negativity 
that may taint their overall perceptions. Even though this is a possibility that cannot be 
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discarded entirely, there is enough data to suggest that women with increased symptoms 
of postpartum depression do discriminate between what they find to be negative and what 
not. For instance, in the Postpartum Bonding Questionnaire, they endorse some of the 
difficulties presented, and deny some others. Furthermore, postpartum depression was not 
found to be associated with other areas of dissatisfaction such as with their delivery 
experience or how much their delivery matched their expectations.  
 There was a significant relationship between marital status and PPD levels. This 
result should be taken cautiously since only two of our participants reported being single, 
which is a very low number in order to generalize our results. These two participants also 
reported living with their partner, which tells us that their living situations and the 
presence of a partner did not differ from the participants who are married. This 
association differs from other studies that have reported no relationship between PPD and 
marital status (Gotlib et al., 1991; Bloch et al., 2006). However, others have reported 
marital discord as a factor associated with PPD (Gotlib et al., 1991; Eberhard-Gran et al., 
2002; Righetti-Veltema et al., 1998).  
 Our study found no relationship between levels of PPD and complications during 
pregnancy, which is consistent with what others have found (Pitt, 1968, Martin, 1977; 
Paykel, Emms, Fletcher & Rassaby, 1980). In fact, the studies by Pitt (1968) and Paykel 
et al. (1980) reported a decrease in the frequency of PPD in women with pregnancy 
complications, which they explain because of the special care they may receive and the 
more intensive medical attention. No association between PPD and complications during 
delivery was found, which is in line with findings by several other studies (O’Neill, 
Murphy & Green, 1990; Righetti-Veltema et al., 1998; Terry, Mayocchi & Hynes, 1996). 
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Although a study by Campbell, Cohn, Flanagan, Popper and Meyera (1992), did report 
more minor obstetrical difficulties in women with PPD.  
There was no association between PPD and multiparity (being this their first 
pregnancy or subsequent pregnancy). This topic remains unclear since some studies have 
reported an association between PPD and the condition of being primipara (first 
pregnancy/baby) (Eberhard-Gran et al., 2002), and some other studies report the opposite 
effect (Righetti-Veltema et al., 1998). Gotlib et al. (1989) found that multiparity was 
related to increased levels of depression during pregnancy but not after delivery.  
There was no association between levels of PPD and delivery method. While 
some studies have reported such association (Eberhard-Gran et al., 2002; Hannah, 
Adams, Lee, Glover & Sandler, 1992), some others have not found it to be significant 
(Bloch et al., 2006) 
Other perinatal and psychosocial factors associated with PPD that have been 
mentioned in the literature include separation between mother and baby after delivery, 
small size for date of the infant, lower rates of prematurity, pregnancy perceived as more 
difficult, more instances of local or epidural anesthetic used, negative birth experience 
(Righetti-Veltema et al., 1998), increased depression during pregnancy (Bloch et al., 
2006; Green & Murray, 1994; Altshuler, 1998; Spinelli, 1998; Johanson, 2000; Gotlib et 
al., 1991; Righetti-Veltema, 1998), recent loss of a parent, especially a mother (Brown & 
Harris, 1978; Roy, 1981), younger age (Paykel et al., 1980), older age (Kumar & Robson, 
1984), lack of social support (Cutrona, 1984; O’Hara, 1986; Wandersman et al., 1980), 
negative life events in the previous year (Paykel et al., 1980; Righetti-Veltema et al., 
1998), perceived maternal and paternal care during childhood (Gotlib et al., 1991), and 
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pre-menstrual dysphoric disorder (Bloch et al., 2006). Some factors that have not been 
shown to have an association with PPD include economic status, ethnic status, number of 
children, planned vs. unplanned pregnancy, mood symptoms due to oral contraceptives 
and mood instability during puberty (Bloch et al., 2006).  
Based on the idea that a right hemispheric asymmetry in depression has been 
associated with deficits in emotional recognition abilities and negative bias, and the 
findings of previous studies regarding reduced emotional recognition abilities in patients 
with major depression, we hypothesized a similar effect in women with symptoms of 
PPD. Contrary to our hypothesis, our study did not show a relationship between levels of 
PPD, as measured by the EPDS, and emotional recognition accuracy for either facial 
expressions or auditory stimuli. This study found no relationship between PPD scores and 
a negative bias for emotional stimuli. Even though more sensitive facial emotional 
recognition tasks were used as compared to our first study (Friedman & Spiers, 2006), 
our findings were in line with what we previously observed. Other studies examining the 
relationship between major depression and emotional recognition have also found no 
significant relationship (Walker, McGuire & Bettes, 1984; Bouhuys, Geerts, Mersch & 
Jenner, 1996; Mandal, 1987, Frewen & Dozois, 2005, Archer, Hay & Young, 1992; 
Gaebel & Wolwer, 1992). The study performed by Mandal (1987) assessed identification 
of emotions among schizophrenic patients, depressive patients and normal controls. They 
found that depressed patients performed comparable to controls in that they were 
uninfluenced by the intensity of the stimuli in their overall performance. In this same 
study when participants in the three groups were asked to judge the degree of 
expressiveness in a series of photographs depicting different emotions, depressed patients 
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judgments were more consistent and closer to those of controls as compared to 
schizophrenics’ judgments. Walker et al. (1984) also tested schizophrenic patients, 
affective disordered patients and normal controls with a series of tasks assessing facial 
discrimination, emotion discrimination, emotion labeling, and a multiple choice emotion 
task. They found that the performance of patients with affective disorders fell midway 
between that of schizophrenic patients and normal controls on all the tasks, but more 
comparable to controls.  
Among the studies that have shown a negative bias in the recognition of emotions 
by depressed patients (Rubinow & Post, 1992; Mikhailova, Vladimirova, Iznak, 
Tsusulkovskaya & Sushko, 1996; Gur et al., 1992, Raes, Hermans & Williams, 2006); 
the study performed by Gur et al. with depressed patients (1992) found a negative bias 
but no differences in overall performance in emotional recognition. The study conducted 
by Rubinow and Post (1992) found a significant impairment in the recognition of selected 
facial emotions, but not of emotional verbal expressions among depressed patients. It is 
important to mention, that participants who completed our study, differ from the 
participants from the studies performed by Gur et al. (1992), Rubinow and Post (1992), 
Mikhailova et al. (1996), and Surguladze et al. (2004) in that participants from their 
samples were recruited in part or in whole from inpatient facilities, whereas our sample 
was recruited entirely from the community. In addition, their samples included patients 
with bipolar I, bipolar II, and unipolar depression disorders; with and without psychotic 
symptoms. Their samples, both for the patient and control groups included men and 
women participants, except the study by Mikhailova et al. (1996) who included only men 
in their sample. In terms of medication management, participants in the Gur et al. (1992) 
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study were under medication treatment for depression, but the depressed participants ανδ 
control group in the Rubinow and Post (1992) study were not taking any medication at 
the time of the testing. Participants in the depressed group for these studies also had on 
average multiple previous episodes of the disorder, as well as previous hospitalizations. 
Ten out of the 17 depressed participants from the Rubinow and Post (1992) study were 
also reported to have previous Electroconvulsive Therapy (ECT). It is possible that the 
discrepancy between their findings regarding accuracy and bias in emotional recognition 
and our findings may be due to the difference in severity of the depressive 
symptomatology of the participants, the level of acuity of the symptoms, as well the 
setting in which the studies were conducted.  
Another potential explanation as to why our study did not find an association 
between emotional recognition tasks and postpartum depression score is that deficits in 
emotional recognition accuracy and negative bias may related to different features of the 
disorder, but not necessarily to the degree of negative affect.  For instance, Raes et al. 
(2006) found a negative bias in the judgment of schematic faces by depressed patients 
that was positively correlated to a measure of rumination, but not to the level of 
depression itself, determined by a score on the Beck Depression Inventory (BDI). The 
correlation between negative bias for schematic faces and rumination remained 
significant even after controlling for depression, anxiety and dysfunctional thinking, thus 
indicating that in their sample, the level of perception of negative emotions was not 
explained by any of those variables. They in turn propose that it is the amount of 
analytical processing involved in rumination that is more closely related to a negative 
bias in the judgment of emotions. Moreover, Michailova et al. (1996) compared 
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depressed patients with a diagnosis of major depressive disorder and depressed patients 
with schizotypal personality disorder. Both groups of patients did not differ in their 
average Hamilton Rating Scale for Depression (HRSD) scores, or in their average Beck 
Depression Inventory (BDI) scores. However patients with an episode of major 
depression performed poorer in a measure of emotional recognition. These findings 
suggest the idea that even though deficits in emotional recognition may be present in 
depressed patients, these deficits are not strictly linked to the affect-related 
symptomatology measured by most depression inventories, but rather to other features of 
the disorder.  
Surguladze et al. (2004) propose potential explanations for discrepant findings in 
studies of emotional recognition and depression. Besides differences in types of patient 
population, they also mention differences in types of stimuli used. While some studies 
use facial expressions from standardized series (Ekman & Friesen, 1976), others use 
more novel photopraphs or schematic faces (Gur, et al., 1992; Bouhuys et al., 1999). In 
their study, Surguladze et al. (2004) reported that depressed patients had significantly 
greater difficulty in the discrimination of sad rather than happy expressions, and the 
difference in accuracy as compared to the control group was found when the stimuli were 
presented very briefly and depicted lower intensities of facial expressions. Even though 
our study measured response time for the computerized tests, all the stimuli were 
presented without a pre-determined time limit. Participants were encouraged to respond 
to the items as fast as they could, but they could take as much time as they needed for 
each stimulus. There is a possibility that if deficits in emotional recognition accuracy in 
fact exist in relation to depressed mood, they could be better captured when stimuli are 
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presented for briefer periods of time (Cooley & Nowicki, 1989; Surguladze et al., 2004). 
On the other hand, it has been proposed that negative bias in the perception of other’s 
emotions becomes more apparent when faces are presented for a longer duration (Frewen 
& Dozois, 2005). This effect could be explained by the notion that cognitive biases in 
depression may appear in a later stage of information processing, rather than in early 
attentional stages (Williams, Watts, MacLeod & Mathews, 1997). 
The question remains as to whether there is in fact an association between 
depressive symptoms and deficits in emotional recognition accuracy and negative bias. 
And if there is an association, is it due to the degree of the acute depressive symptoms, 
the cumulative effect of the depressive symptoms, the negative affect, or maybe other 
component of the affective disorder such as rumination (Raes et al., 2006). It could also 
be the case that deficits in emotional recognition accuracy and increased negative bias 
could be related to a more “relational” component of the disorder in particular such as 
social interactions, meaningful relationships or mother-infant boding, which this study 
proved to be negatively associated with PPD, and also with emotional recognition 
difficulties. It is possible that even if depressed individuals have a negative bias in the 
judgment of facial expressions, it does not affect their ability do distinguish discrete 
facial emotions. Or as explained by Zuroff (personal communication cited by Raes, 
2006), “depressed patients may still be able to recognize a facial emotion accurately, but 
it is the interpretation that they give to that expression what may be distorted and 
maladaptive (e.g. “Is that a smile because the person is being nice to me or because he 
pities me because I’m a loser”.)”  
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Another interesting question is whether deficits in recognition accuracy and 
increased negative bias are part of the same construct, or they can be considered different 
processes underlying facial expression recognition. Surguladze et al. (2004) in the 
previously mentioned study demonstrated that response bias abnormalities in depressed 
patients were present in conditions in which discrimination accuracy was not impaired 
and vice versa, thus concluding that discrimination accuracy and response bias can be 
considered separate mechanism in the process of emotional recognition.  
Studies that have tested depressed patients during the acute phase of the disorder 
and during remission states, have also posed the question of deficits in emotional 
recognition abilities being state or trait dependent. Among those who support the notion 
that deficits in emotional recognition are trait-dependent, we find the study by Leppanen 
et al. (2004). They reported that depressed patients had more difficulty than normal 
controls accurately rating neutral emotions both during the acute phase of the disorder 
and after remission, thus proposing a trait-dependent more stable impairment in the 
ability to recognize emotions for depression-prone individuals. Other studies have 
reported more accurate recognition of emotions during remission states as compared with 
acute depression, thus supporting the idea of a state-dependent deficit (Mikhailova et al., 
1996). Even though the issue of state or trait deficits in depression was not the main focus 
of our study, a post hoc analysis comparing participants who reported a previous history 
of depression and participants who did not in terms of emotion recognition accuracy and 
bias, showed no significant relationship.     
Even though this study an associations between bonding, and measures of 
accuracy and bias, and also between anxiety levels and a measure of emotional 
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recognition accuracy in the PEAT40, participants in this study were overall high 
functioning and well educated women, and it is possible that they succeeded in mastering 
the emotional recognition tests in general. The ER40 has shown differences between 
normal controls and schizophrenic patients (Kohler et al., 2003), but has not been used in 
studies comparing normal controls to depressed patients. Comparing the results yielded 
by our study to the ones obtained by Kohler et al. (2003), in our study, women in general 
outperformed the participants in their control group identifying on average 83.45% of the 
emotions as compared to 71% of correct identifications by participants in their healthy 
control group. Percentage of correct identifications for participants in our study who 
scored above and below 11 in the EPDS (83.28%, and 83.53% respectively) were also 
higher than those obtained by participants in their control group. Schizophrenic patients 
in their study could identify fewer emotions correctly (63.6%) considering that our 
sample differed in average years of education (M=17.61) as compared to the sample of 
healthy controls used in Kohler’s study (M=13.2). When we compare our results to those 
obtained in our pilot study, we find that in our pilot study, participants who were in the 
PPD group (with an EPDS score of 13 or above) could correctly identify on average 
80.95% of the emotions in the ER40, as compared to 82.5% of correct identifications of 
participants in the control group (without a diagnosis of PPD and scores of 12 or lower in 
the EPDS). For this study participants were not assigned to a PPD or control group, but 
were still compared by their EPDS score. Participants who obtained a score of 13 
(analysis performed to be able to compare it to our pilot study) or higher in the EPDS 
could correctly identify on average 82.5% of the facial emotions in the ER40, and those 
who scored 12 or below in the EPDS could correctly identify 83.63% of the emotions. 
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The scores of the current group with scores of 13 or higher were comparable to our 
pilot’s study control group. This reinforces the notion that participants of this study may 
have performed closer to the expected performance of control groups without 
psychopathology.  In addition, all women in our sample who reported having been 
diagnosed with PPD were taking psychiatric medications, and were receiving help at the 
time of the testing; 18.8 % (n=3) of the 16 who scored 11 or above in the EPDS reported 
taking psychiatric medications, and 11.8% of those who scored below 11 in the EPDS. 
From the entire sample, 14% of the participants were taking psychiatric medications 
(n=7), all of whom reported a previous history of either major depression or postpartum 
depression. Therefore, if they were taking these medications either prophylactically or 
due to initial symptoms of depression, it is possible that their mood may be improved and 
this may have “masked” any possible relationship between depression symptoms and 
emotional recognition abilities.  Even though the total number of participants taking 
antidepressant medications is somewhat small, there is still a possibility that it may have 
had an effect on the results, particularly, those related to mood variables.   
A post hoc analysis comparing those participants who received a diagnosis of 
PPD (n=4) after their most recent pregnancy and those who did not found that those who 
had been diagnosed with PPD actually performed better in several measures of emotional 
recognition and had less negative bias when compared to those who were not diagnosed 
with PPD. These results are not consistent with the ones obtained in our first study 
(Friedman & Spiers, 2006), where participants who had been and had not been diagnosed 
with PPD did not differ in measures of negative bias assessed by the schematic faces test, 
and in measures of emotional recognition accuracy assessed by the ER40. Results from 
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our present study comparing women with and without a diagnosis of PPD do concur with 
the results found in our previous study in that more women with a diagnosis of PPD 
experienced previous episodes of major depression, and were taking psychiatric 
medications. Our previous study found that women diagnosed with PPD were older, were 
less satisfied with their employment situation, had more previous episodes of PPD, had 
more complications during their pregnancies and had a higher level of stress. All of those 
results were not replicated by our current comparison. As previously mentioned, in the 
present study, from those who had received a diagnosis of PPD after their last delivery 
only one had a score of 11 or above in the EPDS, therefore, for most of them it seems as 
if the symptoms had already receded and all of them were receiving help at the time. 
Although we do not intend to generalize these results due to the small number of 
participants who reported a diagnosis of PPD, we could hypothesize that emotional 
recognition abilities could improve when the symptoms of depression subside, and 
support the notion of “state” more than “trait”-dependent abilities.  
Bouhuys, Geerts and Mersch (1997) propose that a negative bias in cognition may 
be mediated by concurring levels of anxiety, and not necessarily by depression. They 
found that the favoring of negative emotional expressions was in particular related with 
anxiety levels and propose that conflicting results in negative bias in depression may be 
because the depressed population differed in co-occurrence of anxiety levels.  Not 
surprisingly levels of PPD and anxiety were significantly correlated in our sample 
(r=.786, p<0.001). Consensus exists about the co-occurring levels of anxiety and 
depression in general (Ormel et al. 1993; Pasnau & Bystritskt, 1994) and in the particular 
case of mothers with PPD (Righetti-Veltema et al., 1998) 
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There was a significant correlation between anxiety levels and accuracy for 
recognizing very sad faces in the PEAT40, but no other significant correlation was found 
even after controlling for depression. Differences in our findings from the ones reported 
by Bouhuys et al. (1997) could be in part because of the differences in the level of 
anxiety. In their sample of participants the mean level of anxiety as measured by the 
SCL-90 (anxiety subtest) was 29.2 ± 9.8 (SD, range 14-59) at time T0, 22.9 ± 10.2 (SD, 
range 11-47) at time T1; and 20.5 ± 9.9 (SD, range 10-42) at time T2. In our sample the 
average anxiety level was 4.84 ± 4.47 (SD, range 0-22). Therefore, participants in our 
sample were less anxious than the ones in the Bouhuys study at all three times when 
anxiety was assessed.  
Participants were better at recognizing happy faces followed, by sad, angry, fear 
and faces depicting no emotion. This pattern of performance in emotional recognition 
appears to be in line with what other studies have found (Ekman & Friesen, 1975; Walker 
et al., 1980, Kohler et al., 2003, Leppanen et al., 2004, Mikhailova et al., 1996). The 
DANVA2-AP, also showed differences in the degree of which different emotions were 
recognized in verbal statements. For this test, participants were better at recognizing 
angry statements, followed by happy, sad and statements expressing a fearful emotion. 
Even though more research is needed to investigate the differences between facial 
emotional recognition, and auditory emotional recognition, this initial evidence suggests 
that they may be different abilities; and different emotions may be better recognized by 
different sensory modalities. Consistent with the pattern of performance with facial 
expressions, participants recognized better intense emotions than milder emotions 
presented auditorily.  
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Our results showed no association between PPD levels and response time to 
emotional stimuli. Even though this is a useful measure that could capture subtle 
differences in women with PPD, we realize that the procedures utilized for this study 
were not suitable for an accurate reading of median response time. Since most of our 
participants were tested at their homes, we noticed many sources of interference in an un-
controlled environment such as the participant having to attend to their baby or other 
interruptions (e.g. phone ringing, other children asking for her attention). Therefore for 
this study we deem this variable as not reliable to draw any significant conclusion.  
Other possible explanations as to whether we did not find associations between 
levels of PPD and emotional recognition measures include the following. First, it is 
always possible that those associations are just not there; that in fact PPD neither 
precedes nor is a consequence of difficulties in emotional recognition and/or negative 
bias. It is also possible, that as previously mentioned, women in our study did not present 
a level of depression comparable to participants in other studies who tested people 
diagnosed with depression in inpatient settings. Another potential explanation is that even 
is the levels of depression are not discrepant between our study and other studies, and it 
could be the nature of the setting that may promote different results (e.g. inpatient setting 
vs. the community at large.) It is interesting that event though the EPDS is considered to 
be a reliable instrument to screen and differentiate women with and without symptoms of 
PPD, in our sample, from the 16 participants who obtained a score of 11 or above only 
one had been diagnosed with PPD. It is possible that the disorder was there and simply 
women in our sample were under-diagnosed. However, we also consider the possibility 
that the EPDS gave false positives (high scores that do not match a real clinical 
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diagnosis). In addition, our sample consisted of mainly highly educated women, whom 
responded consistently well to our measures of emotional recognition. Even though there 
is no evidence that suggests any relationship between education level and emotional 
recognition abilities, it is possible that familiarity with test-taking, motivation, or just 
overall cognitive adequacy may have contributed to make any potential difference even 
subtler. 
 As compared to the procedures from our pilot study, this study gave the 
possibility to complete the questionnaires and emotional recognition tests online. Even 
though for this study we did not find any statistically significant difference between the 
online and in-person respondents, it may be the case that those who responded online had 
the added advantage to respond to the tests at a convenient time for them, as opposed to a 
previously scheduled time with the examiner. Also, by giving the opportunity to complete 
the study on line, some participants agreed at first, but later failed to complete the 
questionnaires. Some of them explained that they were busy and they could not do it, and 
some just did not respond. For those who completed the study in person, a testing session 
was scheduled, and it was more rare that a participant would cancel the appointment. 
100% of those who agreed to complete the study in person ended up completing it. 
Therefore, it is possible that those completed the study online were not only motivated to 
decide to participate at first, but also motivated to go through it and complete it on their 
own. As mentioned before, we did not find differences between those who completed the 
study in person and online, but there is a possibility that this sample as a whole had a 
higher motivation level than the sample in our pilot study.  
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Also anecdotically, several women reported that if they would have been tested 
during the first month postpartum the responses they would have given would have been 
very different, particularly to the Peripartum Questionnaire. Therefore it seems like the 
time postpartum may play an important role in the emotional state of women and it is 
another variable that should be taken into consideration.  
Our Emotional Recognition Questionnaire, which contains questions about self-
reported difficulties in emotional recognition, showed that level of PPD was not related to 
self-reported difficulties in emotional recognition. However, women with higher levels of 
depression did report experiencing more misunderstandings because others 
misinterpreted what they were feeling. Other studies have also reported feelings of being 
misunderstood or others being unsympathetic as predictive factors of PPD (Righetti-
Veltema et al., 1998). These results differ from the ones obtained in our pilot study where 
participants with higher levels of PPD also reported more difficulties recognizing what 
their baby and other people are feeling, as well as more misunderstandings not only 
because others misinterpreted what they were feeling, but also because they 
misinterpreted what other may be feeling. These differences in the self-report ratings 
between our pilot study and the current results may be again because of a different level 
of depressive symptomatology between the two samples, or it could be because there is in 
fact no relationship between PPD levels and self reported difficulties in emotional 
recognition.    
Limitations and Future Directions 
Among the limitations of this study, we must mention the lack of consistency 
between EPDS scores and PPD diagnosis, which could have been in part due to our 
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recruitment method. Based on the results obtained in our pilot study we decided to 
analyze PPD as a continuum instead of dichotomizing EPDS scores. We believe that 
analyzing EPDS scores as a continuum is beneficial but should not mandate the 
recruitment method. This means, that in order to study cognitive variables in women with 
postpartum depression, it would be advisable to recruit participants who have been 
specifically diagnosed with PPD and later analyze the relationship between their 
depression levels and other variables, instead of recruiting participants from the 
community with the expectation to find a proportion of women with the disorder.  Even 
though some studies have used that method (Bloch et al., 2006; Righetti-Veltema et al., 
1998) their samples have been larger, and focused more on psychosocial variables rather 
than cognitive ones.   
The online assessment worked well given the special characteristics of this 
population. Even though some of them had to overcome a few technical difficulties, 
many of them anecdotically reported that is was convenient for them because they could 
respond to the tests whenever they found an appropriate time to do it. Future research 
should include emotional recognition tests that control for the duration of the stimuli, and 
if available use stimuli who resemble emotions presented in a more naturalistic settings 
(videos, presented for shorter periods of time, ambiguous or not, multiple sensory 
channels). It would also be interesting to assess mothers for emotional recognition 
abilities of infant faces. Another factor that is worth considering for further research in 
relation to bonding and emotional recognition is the facial/physical attractiveness of the 
infant. Future studies should also include a wider range of education levels and socio-
cultural groups, control for medication usage, particularly psychotropic medications, and 
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assess the direction of causality between depressive symptomatology and possible 
difficulties in emotional recognition. Finally, more research is needed in the area of 
emotional recognition and mother-infant bonding to clarify the direction of the 
relationship found in this study, to better understand the neural bases of this phenomenon, 
and also explore long terms effects and possible clinical interventions such as ways to 
normalize what level of emotional recognition is appropriate for new mothers or ways 
implement cognitive remediation to increase sensitivity to emotional cues.     
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Tables 
Table 1 
Correlations Between Measures of Emotion and: Depression, Anxiety and Bonding for 
the entire sample (n=50). 
 
    PBQ Factors 
Emotional Recognition 
Variables 
EPDS SCL90 PBQ 
Total 1 2 3 4 
ER40 Correct Responses        
     Happy -.083 -.210 -.101 -.089 -.124 -.047 -.095 
     Sad -.226 -.192 -.182 -.178 -.210 -.078 -.021 
     Angry .065 -.032 .039 .033 -.002 .069 .215 
     Fear -.017 -.085 .038 .055 -.034 .067 .117 
     No Emotion -.167 -.009 -.254 -.289* -.252 -.071 -.193 
     Total -.170 -.177 -.200 -.210 -.257 -.028 -.016 
ER40 Correct Responses        
     Mild -.072 -.323 -.150 -.150 -.266 .069 - 
     Extreme -.248 -.460* -.045 -.045 -.052 -.012 - 
EmoDiff40 Correct 
Responses 
       
     Happy-range .039 .066 -.140 -.235 -.087 .046 -.153 
     Sad-range -.055 .024 -.068 -.114 -.025 .002 -.063 
PEAT40 Correct Responses        
     Total -.171 -.030 -.060 -.044 -.054 -.064 -.126 
     Very Happy -.100 -.085 -.070 -.043 -.056 -.109 .042 
     Happy-Neutral -.089 .145 -.058 -.063 -.075 -.004 -.002 
     Neutral -.105 .128 -.102 -.145 -.086 .011 -.153 
     Sad-Neutral -.092 .030 -.047 -.071 -.025 .006 -.221 
     Very Sad -.144 -.387** .098 .180 .101 -.098 -.051 
PEAT40        
     True Positives -.049 -.026 .219 .267 .192 .059 .137 
     True Negatives -.099 .129 -.097 -.137 -.081 .010 -.152 
     False Positives .050 -.155 .032 .099 .053 -.135 .075 
     False Negatives .098 .065 -.257 -.289* -.225 -.116 -.122 
PEAT40 Sensitivity        
     Happy-Neutral Range .111 .125 -.239 -.223 -.292* -.106 .021 
     Sad-Neutral Range  .090 .050 .025 .066 .071 -.118 .037 
     Total .136 .109 -.101 -.057 -.088 -.158 .043 
PEAT40 Specificity        
     Happy-Neutral Range -.108 .085 -.326* -.369** -.264 -.175 -.123 
     Sad-Neutral Range  -.079 .014 .094 .133 .109 -.027 -.162 
     Total -.121 .062 -.135 -.133 -.086 -.125 -.186 
 
*p<.05 
**p<.01 
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Table 1 (Continued) 
Correlations Between Measures of Emotion and: Depression, Anxiety and Bonding for 
the entire sample (n=50). 
 
    Factors 
Variables EPDS SCL90 PBQ 
Total 1 2 3 4 
Schematic Faces Test 
Variables 
       
Average Ratings of 
Positive Emotions 
       
      12 Faces .022 .084 .177 .134 .130 .221 .278 
      3 Ambiguous Faces  .174 .205 .223 .147 .221 .256 .264 
      9 Non-ambiguous 
Faces 
-.090 -.021 .103 .094 .036 .143 .220 
Average Ratings of 
Negative Emotions 
       
      12 Faces -.117 -.078 .091 .134 .069 -.017 .220 
      3 Ambiguous Faces -.189 -.201 .056 .143 .027 -.100 .080 
      9 Non-ambiguous 
Faces 
-.082 -.028 .097 .122 .080 .014 .257 
PEAT40 Positive Bias        
     Happy-Neutral Range .010 -.144 -.031 -.044 -.010 -.015 -.035 
     Sad-Neutral Range .056 .049 -.256 -.314* -.218 -.083 -.019 
     Total .037 -.083 -.156 -.195 -.120 -.054 -.036 
PEAT40 Negative Bias        
     Happy-Neutral Range .196 .079 .278 .302* .234 .166 .034 
     Sad-Neutral Range .129 .066 .231 .274 .181 .099 .215 
     Total .187 .087 .304* .348* .245 .150 .188 
PEAT40 Number of 
Responses 
       
      Happy Range -.093 .098 -.348* -
.387** 
-.292* -.183 -.117 
      Sad Range -.057 .021 .090 .132 .111 -.044 -.142 
PEAT40 Median 
Response Time 
       
    Total Correct .074 .025 -.004 -.025 -.034 .045 .484** 
    Total Within 1 Correct .000 -.015 -.067 -.087 -.103 .017 .429** 
EmoDiff40 Median 
Response Time 
       
    Correct Happy Trials -.077 -.017 -.119 -.207 -.100 .059 .237 
    Correct Sad Trials -.032 -.042 -.075 -.127 -.062 .032 .120 
ER40 Median Response 
Time 
       
    Total Correct -.021 .021 -.171 -.247 -.153 .009 .271 
*p<.05 
**p<.01 
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Table 1 (Continued) 
Correlations Between Measures of Emotion and: Depression, Anxiety and Bonding for 
the entire sample (n=50). 
 
    Factors 
Variables EPDS SCL9
0 
PBQ 
Total 1 2 3 4 
DANVA2-AP Variables        
Correct Responses        
      Happy .091 -.001 -.120 -.139 -.161 .023 -.105 
      Sad .043 -.119 .273 .297* .228 .158 .185 
      Angry  -.067 .103 -.069 -.152 -.130 .191 .030 
      Fear .077 -.059 -.168 -.103 -.145 -.243 -.155 
      Total .079 -.049 -.036 -.036 -.097 .053 -.022 
Correct Reponses According 
to Intensity 
       
      High .165 -.084 .032 .002 -.010 .123 .061 
      Low -.001 -.040 -.053 -.028 -.082 -.039 -.084 
Number of Times Emotion 
was Selected  
       
      Happy .064 .061 -.182 -.183 -.160 -.123 -.107 
      Sad -.019 .015 .234 .176 .201 .269 .337* 
      Angry  -.072 .192 -.087 -.180 -.055 .091 -.025 
      Fear -.035 -.045 -.140 -.050 -.131 -.254 -.187 
ERQ        
People around you in a 
negative mood .200 .186 .170 .114 .085 .309* -.200 
Baby in a negative mood .263 .021 .592** .619** .509** .375** .135 
Baby’s temperament: Quiet-
Excitable .053 .160 .136 .064 .186 .152 -.020 
Baby’s temperament: Easy-
Difficult .223 .164 .612** .582** .559** .466** -.012 
Difficulty recognizing what 
baby is feeling .186 -.018 .689** .683** .642** .455** .017 
Difficulty recognizing what 
others are feeling .051 .081 .042 .027 .007 .090 .022 
Misunderstandings because 
you misinterpreted others -.002 -.059 -.024 -.084 -.115 .214 -.147 
Misunderstandings because 
others misinterpreted you  .337* .272 .072 -.037 .032 .302* -.218 
*p<.05  
**p<.01  
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Table 2 
Correlations between Bonding Scales, and Depression and Anxiety 
 
 EPDS SCL-90 
PBQ Total Score  .417** .330* 
PBQ Factors   
     Impaired Bonding .363** .208 
     Rejection and Anger .339* .245 
     Anxiety About Care .419** .496** 
     Risk of Abuse .191 .296* 
SCL-90 .786** - 
*p<.05  
**p<.01
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 Table 3 
Comparison of Demographic Variables according to EPDS Scores 
*p<.05, two tailed 
  Comparison Groups 
Variables 
Total Sample 
(n=50) 
x¯ (SD) 
EPDS≥11  
(n=16) 
x¯ (SD) 
EPDS<11 
(n=34) 
x¯ (SD) 
Demographic Variables    
    Age 32.38 (4.84) 33.13 (4.91) 32.03 (4.83) 
    Education 17.61 (2.60) 17.44 (1.79) 17.70 (2.93) 
    Weeks Postpartum 14.59 (5.48) 16.56 (5.75) 13.64 (5.17) 
    Employment Situation 
Satisfaction 
3.37 (0.75) 3.00 (0.73)* 3.54 (0.70)* 
Peripartum Variables    
    Number of Pregnancies 1.92 (1.35) 1.88 (1.09) 1.94 (1.48) 
    Number of Children 1.58 (0.99) 1.38 (0.50) 1.68 (1.15) 
    Delivery Expectations 5.96 (2.99) 6.19 (2.95) 5.85 (3.04) 
    Delivery Satisfaction 7.33 (2.99) 7.75 (2.91) 7.13 (3.05) 
 %  % % 
Demographic Variables    
Ethnicity     
      Caucasian  88 93.75 85.29 
      African American 0 0 0 
      Hispanic 6 0 8.82 
      Asian 2 0 2.94 
      Other 4 6.25 2.94 
Marital Status     
      Single  4 12.5* 0* 
      Married  96 87.5* 100* 
Living Situation     
      Live with spouse or partner  96 93.75 97.06 
      Live with family member  4 6.25 2.94 
Employment Situation     
      Work outside home full time  14 18.75 11.76 
      Work outside home part time  20 6.25 26.47 
      Work from home full time  2 0 2.94 
      Work from home part time 8 6.25 8.82 
      Stay at home  44 43.75 44.12 
      Other  12 25.00 5.88 
Peripartum Variables    
Delivery Method    
      Vaginal 74 75.00  73.50  
      Planned C-Section 16 25.00 11.80  
      Emergency C-Section 10 0.00 14.70 
Complications During Pregnancy 32 37.50 29.41 
Complications During Delivery 24 31.25 20.59 
Breastfeeding  96 93.75 97.06 
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Table 3 (Continued) 
Comparison of Demographic Variables according to EPDS Scores 
 
 
*p<.05, two tailed 
 Comparison Groups 
Variables Total Sample 
(n=50) 
% 
EPDS≥11  
(n=16) 
 % 
EPDS<11  
(n=34) 
% 
Depression History    
    Previous History of MD 34 56.25* 22.22* 
    Previous History of PPD 8 6.25 8.82 
    Previous History of MD or PPD 40 56.25 32.35 
    Family history of Depression 46 60.00 41.18 
    Currently taking medications 40 56.25 32.35 
    Currently taking psychiatric 
medications 14 18.75 12.12 
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 Table 4 
Regression Analysis for Variables Predicting EPDS Scores 
 
 B SE B ß 
Demographic Variables    
    Marital Status -7.19 3.38 -0.294 
    Ethnicity -0.21 0.61 -0.049 
    Employment Situation 0.75 0.39 0.270 
    Living Situation -0.63 3.53 -0.026 
Depression History    
    Previous History of MD 4.08** 1.34 .403 
    Previous History of PPD -0.80 2.32 -.073 
    Previous History of MD or PPD 2.92* 1.35 .298 
    Family history of Depression 3.02* 1.34 .312 
    Currently taking medications 2.08 1.38 .213 
    Currently taking psychiatric medications -.333 2.02 -.024 
*p<.05 
**p<.01 
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Table 5 
Comparison of all variables by PPD Diagnosis 
*p<.05, two tailed 
 PPD Diagnosis  
(n=4) 
(x¯ ± SD) 
No PPD Diagnosis 
(n=46) 
(x¯ ± SD) 
ER40 Correct Responses   
    Happy 7.75 (0.50) 7.76 (1.20) 
    Sad 7.25 (0.96) 7.15 (1.14) 
    Angry 5.25 (0.96) 5.98 (1.42) 
    Fear 7.00 (0.82) 7.00 (1.27) 
    No Emotion 6.75 (0.96) 5.43 (1.93) 
    Total 34.00 (1.41) 33.33 (3.63) 
EmoDiff40 Correct Responses   
    Happy-range 12.50 (4.12) 12.67 (3.45) 
    Sad-range 15.50 (2.38) 14.89 (2.16) 
PEAT40 Correct Responses   
     Total 31.25 (3.20) 27.59 (4.46) 
     Very Happy 4.25 (1.26) 4.65 (1.30) 
     Happy-Neutral 12.25 (2.36) 9.85 (2.62) 
     Neutral 18.50 (1.92)* 14.22 (3.25)* 
     Sad-Neutral 12.75 (1.89)* 9.57 (2.39)* 
     Very Sad 2.00 (0.00)* 3.59 (1.29)* 
PEAT40   
     True Positives 19.25 (0.96) 19.27 (0.78) 
     True Negatives 18.50 (1.92)* 14.20 (3.29)* 
     False Positives 1.00 (1.41) 3.11 (2.04) 
     False Negatives 0.75 (0.96) 0.64 (0.77) 
PEAT40 Sensitivity   
     Happy-Neutral Range 10.00 (0.00) 9.98 (0.15) 
     Sad-Neutral Range  10.00 (0.00) 9.93 (0.25) 
     Total 20.00 (0.00) 19.91 (0.29) 
PEAT40 Specificity   
     Happy-Neutral Range 9.75 (0.50)* 8.93 (1.21)* 
     Sad-Neutral Range  9.75 (0.50)* 8.38 (1.34)* 
     Total 19.50 (0.58)* 17.31 (1.93)* 
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Table 5 (Continued) 
Comparison of all variables by PPD Diagnosis 
*p<.05, two tailed 
 PPD Diagnosis (n=4) 
x¯ (SD) 
No PPD Diagnosis (n=46) 
x¯ (SD) 
Schematic Faces Test Variables   
Average Ratings of Positive Emotions   
      12 Faces 1.44 (0.10) 1.62 (0.23) 
      3 Ambiguous Faces   1.33 (0.14)* 1.56 (0.45)* 
      9 Non-ambiguous Faces 1.47 (0.13) 1.64 (0.21) 
Average Ratings of Negative Emotions   
      12 Faces 1.92 (0.51) 2.23 (0.43) 
      3 Ambiguous Faces 1.82 (0.52) 2.08 (0.50) 
      9 Non-ambiguous Faces 1.95 (0.55) 2.28 (0.44) 
PEAT40 Bias Scores   
Positive Bias   
     Happy-Neutral Range 1.75 (2.36) 1.64 (1.54) 
     Sad-Neutral Range 4.75 (0.96) 4.24 (2.24) 
     Total 6.50 (2.08) 8.18 (4.30) 
Negative Bias   
     Happy-Neutral Range 1.75 (1.26) 1.64 (1.54) 
     Sad-Neutral Range 0.50 (1.00)* 2.98 (2.89)* 
     Total 2.25 (1.71) 4.62 (3.62) 
PEAT40 -  Median Response Time (ms)   
    Total Correct 2117.75 (1114.86) 2730.62 (1013.23) 
    Total Within 1 Correct 2279.63 (1113.40) 2881.88 (1102.53) 
EmoDiff40 -  Median Response Time (ms)   
    Correct Happy Trials 6133.25 (1571.43) 7057.61 (2930.59) 
    Correct Sad Trials 5155.38 (1230.69) 6666.45 (3470.87) 
ER40 -  Median Response Time (ms)   
    Total Correct 2887.38 (1550.44) 2708.36 (861.40) 
DANVA2-AP Correct Responses   
      Happy 5.00 (1.00) 4.73 (1.00) 
      Sad 4.50 (1.00) 4.61 (1.18) 
      Angry  5.50 (1.00) 4.73 (1.00) 
      Fear 4.00 (1.83) 4.22 (1.13) 
      Total 19.00 (2.71) 18.24 (2.08) 
DANVA2-AP Correct Reponses - Intensity   
      High 9.25 (2.06) 9.55 (1.13) 
      Low 9.75 (1.71) 8.75 (1.51) 
DANVA2-AP Number of Times Emotion 
was Selected  
  
      Happy 5.25 (0.96) 5.22 (1.81) 
      Sad 6.75 (2.75) 6.85 (1.82) 
      Angry  6.50 (1.29) 6.24 (1.64) 
      Fear 5.50 (2.52) 5.15 (1.73) 
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Table 5 (Continued) 
Comparison of all variables by PPD Diagnosis 
*p<.05, two tailed 
 
 
 
 PPD Diagnosis 
(n=4) 
x¯ (SD) 
No PPD Diagnosis 
(n=46) 
x¯ (SD) 
PBQ Total  10.00 (6.22) 14.53 (9.10) 
PBQ Factors   
     Impaired Bonding 4.00 (3.16) 7.05 (4.69) 
     Rejection and Anger 2.25 (2.22) 3.22 (2.95) 
     Anxiety About Care 3.75 (2.36) 4.24 (2.51) 
     Risk of Abuse 0.00 (0.00) 0.02 (0.15) 
ERQ Questions   
People around you in a negative mood 2.75 (0.50) 3.35 (0.48) 
Baby in a negative mood 3.75 (0.50) 3.52 (0.59) 
Baby’s temperament: Quiet-Excitable 3.00 (1.16) 3.14 (0.92) 
Baby’s temperament: Easy-Difficult 2.25 (0.96) 2.07 (0.95) 
Difficulty recognizing what baby is feeling 3.25 (0.50) 3.07 (0.68) 
Difficulty recognizing what others are feeling 3.25 (0.50) 3.07 (0.53) 
Misunderstandings because you misinterpreted 
others 3.25 (0.50) 3.51 (0.51) 
Misunderstandings because others misinterpreted 
you  3.00 (0.00) 3.33 (0.47) 
Demographic Variables   
    Age 35.25 (2.63) 32.13 (4.92) 
    Years of education 18.50 (1.00) 17.53 (2.69) 
    Weeks Postpartum 13.50 (7.05) 14.69 (5.41) 
    Employment Satisfaction 3.75 (0.50) 3.34 (0.76) 
Peripartum variables   
    Number of Pregnancies 2.25 (0.96) 1.89 (1.39) 
    Number of Children 1.75 (0.96) 1.57 (1.00) 
    Delivery Expectations 5.50 (3.70) 6.00 (2.96) 
    Delivery satisfaction  6.50 (4.04) 7.40 (2.93) 
Sleep   
    Hours of Sleep for Past Two Weeks 6.50 (0.91) 7.40 (2.93) 
    Hours of Sleep Last Night 6.86 (2.02) 6.60 (1.46) 
    Sleep Deprivation Past Two Weeks 4.00 (1.63) 4.59 (2.21) 
    Sleep Deprivation Today 3.25 (3.20) 4.07 (2.40) 
Stress 4.38 (2.43) 5.25 (2.34) 
Anger    
    Angry over past 2 weeks 3.75 (0.50) 3.35 (0.53) 
    Annoyed over past 2 weeks 3.00 (0.00) 3.04 (0.56) 
    Resentful over past 2 weeks 4.00 (0.00)* 3.35 (0.60)* 
    Irritable over past 2 weeks 3.50 (0.58) 3.00 (0.63) 
Anxiety      5.50 (6.19) 4.78 (4.38) 
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Table 5 (Continued) 
Comparison of all variables by PPD Diagnosis 
**p<.01, two tailed  
 
 
 
 
 
 PPD Diagnosis 
(n=4) 
% 
No PPD Diagnosis 
(n=46) 
% 
Ethnicity   
     Caucasian 100.00 0.00 
     African American 0.00 87.00 
     Asian 0.00 2.20 
     Hispanic 0.00 6.50 
     Other 0.00 4.30 
Marital Status   
     Married 100.00 95.70 
     Single 0.00 4.30 
Living Situation   
     With Spouse or Partner 100.00 95.70 
     With Family Member 0.00 4.30 
Employment Situation   
     Work outside home full time  0.00 15.20 
     Work outside home part time  50.00 17.40 
     Work from home full time  0.00 2.20 
     Work from home part time 25.00 6.50 
     Stay at home  25.00 45.70 
     Other  0.00 13.00 
Delivery Method    
     Vaginal 75.00 73.90 
      Planned C-Section 25.00 15.20 
      Emergency C-Section 0.00 10.9 
Complications Pregnancy 75.00 28.30 
Complications Delivery 0.00 26.10 
Breastfeeding 100.00 95.70 
Depression History   
    Previous MD 75.00** 30.40** 
    Previous PPD 25.00** 6.50** 
    Previous MD/PPD 100.00** 34.80** 
    Family History 25.00 47.80 
    Medications 100.00** 34.80** 
    Psychiatric Medications 100.00** 6.50** 
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Appendix  A, Peripartum Questionnaire 
 
 
 
 
Peripartum Questionnaire 
 
Demographic Information 
 
1. What is your ethnicity? 
a. Caucasian 
b. African American 
c. Hispanic 
d. Asian 
e. Pacific/Islander  
f. Other (______________________) 
 
2. What is your marital status?  
a. Single  
b. Married 
c. Divorced 
d. Widowed  
 
3. What is your living situation?  
a. Live alone 
b. Live with spouse or partner 
c. Live with family members (please specify who_____________________) 
d. Other (please specify_________________________________________) 
 
4. What is your employment situation? 
a. Working outside the home full time 
b. Working outside the home part-time 
c. Working from home full time 
d. Working from home part time 
e. Stay at home 
f. Other (Explain________________________) 
 
5. How satisfied are you with your current employment situation? (whether you’re working or 
not)  
 
1                           2                             3                              4                                
Very                      Somewhat              Somewhat               Very 
Dissatisfied           Dissatisfied   Satisfied                   Satisfied   
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Peripartum History 
 
6. How many pregnancies have you had? 
 
 
 
7. How many children do you have? 
 
 
 
7a. If there is any discrepancy between the number of children and number of 
pregnancies ask for the cause 
 
 
 
 
8. Did you experience any complication during your last pregnancy? 
a. Yes 
b. No 
 
If yes, please explain. 
•  
•  
•  
•  
 
9. By what method was your last baby delivered? (if vaginal can also check forceps of 
vacuum if applicable) 
a. Vaginal 
b. C-section (planned) 
c. C-section (emergency) 
d. Forceps? 
e. Vacuum?  
 
10. Where there any complications during your last delivery? 
a. Yes 
b. No 
 
If yes, please explain 
 
•  
•  
•  
•  
 
11. To what extent did your delivery experience match your expectations? 
 
 
 
Not at all                                                      Very much 
1              2               3                4               5               6               7               8              9              10 
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12. How satisfied were you with your last delivery experience? 
 
 
 
 
Not at all satisfied                              Completely satisfied 
1              2               3                4               5               6               7               8              9              10 
 
 
 
 
13. Have you been breastfeeding this baby? 
a. Yes 
b. No 
 
If yes, please describe for how long and give a brief description of breastfeeding history 
(if combined with formula, if pumping, if it happened right away, if it was a difficult 
situation or happened smoothly) 
 
 
 
14. How much sleep did have you been getting on average for the past 2 weeks? 
 
 
 
15. How much sleep did you get last nigh? 
 
 
 
16. How sleep deprived have you been feeling for the past 2 weeks? 
 
 
 
Not sleep deprived at all                                              So sleep deprived that I can’t stand it                         
1              2               3                4               5               6               7               8              9              10 
 
 
 
17. How sleep deprived do you feel today? 
 
 
 
Not sleep deprived at all                                              So sleep deprived that I can’t stand it                         
1              2               3                4               5               6               7               8              9              10 
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History of Postpartum Depression 
 
18. Have you been diagnosed with Post Partum Depression? 
a. Yes (go to question 13) 
b. No (go to question 17) 
 
 
19. When did the symptoms start after delivery? 
 
 
20. For how long have you been experiencing them? 
 
 
21. Are you receiving any kind of help for your symptoms? 
 
 
22. If yes, what kind of help? 
 
 
23. Since when? 
 
 
24. For how long? 
 
 
25. Do you have any other health problems that you think may have contributed to 
your symptoms? 
 
 
26  Have you experienced Major Depression or Postpartum Depression in the past? 
a. Yes  
b. No  
 
 
27. If yes, when? 
 
28. MD or PPD? 
 
 
 
10. Is there any history of Major Depression or Postpartum Depression in your family? 
b. Yes  
c. No  
 
10. If yes, who? 
 
 
31. Are you taking any medications? 
 
a. Yes  
b. No  
 
32. If yes, which? 
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Assessment of stress  
 
33. How would you rate your overall level of stressing your current life situation (over the past 
week) 1 being the lowest and 10 the highest? 
 
 
 
Low                                  High 
1              2               3                4               5               6               7               8              9              10 
 
 
 
 
If a stress level of 6 or higher is indicated, ask about main stressors 
 
 
 
 
34. What are your main stressors?  (Work, Marriage, Family discord, Health problems other 
than depression, Other)  
 
 
•  
•  
•  
•  
•  
 Assessment of Anger 
 
35. In the past two weeks I have felt angry 
a. Always 
b. Most of the time 
c. Sometimes 
d.  Rarely 
 
36. In the past two weeks I have felt annoyed 
a. Always 
b. Most of the time 
c. Sometimes 
d.  Rarely 
 
37. In the past two weeks I have felt resentful 
a. Always 
b. Most of the time 
c. Sometimes 
d.  Rarely 
 
38. In the past two weeks I have felt irritable 
a. Always 
b. Most of the time 
c. Sometimes 
d.  Rarely 
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Appendix B. EPDS 
 
 
 
  
EPDS – Edinburgh Postnatal Depression Scale 
 
 
In the past 7 days: 
  
1. I have been able to laugh and see the funny side of things – 
  
As much as I always could 
Not quite so much now 
Definitely not so much now 
Not at all 
  
2. I have looked forward with enjoyment to things – 
  
As much as I ever did 
Rather less than I used to 
Definitely less than I used to 
Hardly at all 
  
3. I have blamed myself unnecessarily when things went wrong –  
  
Yes, most of the time 
Yes, some of the time 
Not very often 
No, never 
   
4. I have been anxious or worried for no good reason –  
  
No, not at all 
Hardly ever 
Yes, sometimes 
Yes, very often 
  
5. I have felt scared or panicky for no good reason – 
  
Yes, quite a lot 
Yes, sometimes 
No, not much 
No, not at all 
 
  
   117 
6. Things have been getting on top of me – 
  
Yes, most of the time I haven’t been able to cope at all 
Yes, sometimes I haven’t been coping as well as usual 
No, most of the time I have coped quite well 
No, I have been coping as well as ever 
  
7. I have been so unhappy that I have had difficulty sleeping – 
  
Yes, most of the time 
Yes, sometimes 
Not very often  
No, not at all 
  
8. I have felt sad or miserable – 
  
Yes, most of the time 
Yes, quite often 
Not very often 
No, not at all 
  
9. I have been so unhappy that I have been crying – 
  
Yes, most of the time 
Yes, quite often 
Only occasionally 
No, never 
  
10. The thought of harming myself has occurred to me –  
  
Yes, quite often 
Sometimes 
Hardly ever 
Never 
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Appendix C. SCL-90 
 
 
 
 
SCL-90-R 
 
Below is a list of problems and complaints that people sometimes have. Read each one 
carefully, and select one of the numbered descriptors that best describes HOW MUCH 
DISCOMFORT THAT PROBLEM HAS CAUSED YOU DURING THE PAST TWO 
WEEKS INCLUDING TODAY. Circle the number on the right of the problem. 
 
 
     Descriptors 
 
0- Not at all 
1- A little bit 
2- Moderately 
3- Quite a bit 
4- Extremely 
 
 
How much were you distressed by: 
 
 
1. Nervousness or shakiness inside     0      1      2      3      4 
 
2. Trembling        0      1      2      3      4 
 
3. Suddenly scared for no reason     0      1      2      3      4 
 
4. Feeling fearful       0      1      2      3      4 
 
5. Heart pounding or racing      0      1      2      3      4 
 
6. Feeling tense or keyed up      0      1      2      3      4 
 
7. Spells of terror or panic      0      1      2      3      4 
 
8. Feeling so restless you couldn’t sit still    0      1      2      3      4 
 
9. The feeling that something bad is going to happen to you 0      1      2      3      4 
 
10. Thoughts and images of a frightening nature   0      1      2      3      4 
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Appendix D. PEAT40 
 
 
 
 
Penn Emotion Acuity Test (PEAT40) 
 
 
 
 
 
 
Correct Response: Neutral 
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Appendix E. EmoDiff40 
 
 
 
 
Penn Emotion Discrimination Task (EmoDiff40) 
 
 
    
                    
 
Test Example 
Correct response: Right face 
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Appendix F. ER40 
 
Penn Emotion Recognition Test (ER40) 
 
 
 
      
 
 
                                                                                                        Low intensity  
 
 
 
 
             High Intensity  
 
 
 
  
 
  No Emotion      Happy         Sad           Fear             Anger 
 
 
 
 
 
 
For Each Item (face) there is a multiple-choice question: 
 
 
1) HAPPY 
2) SAD 
3) FEAR 
4) ANGRY 
5) NO EMOTION 
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Appendix G. Schematic Faces 
 
 
 
 
Schematic Faces 
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Schematic Faces Test 
 
Directions: Look at this face and please tell how much of each emotion this face shows. 
For example, “fear”, if the face does not express fear circle 1, if it expresses fear slightly 
circle 2, if it expresses fear moderately circle 3, if it expresses fear strongly circle 4 and if 
it expresses fear very strongly circle 5. Do the same thing for every emotion on this list.  
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- 1 - 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1. Does not express the emotion 
2. Expresses the emotion slightly 
3. Expresses the emotion moderately 
4. Expresses the emotion strongly 
5. Expresses the emotion very strongly 
 
 
 
 
Fear 1 2 3 4 5 
Happiness 1 2 3 4 5 
Anger 1 2 3 4 5 
Sadness 1 2 3 4 5 
Disgust 1 2 3 4 5 
Rejection 1 2 3 4 5 
Invitation 1 2 3 4 5 
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1. Does not express the emotion 
2. Expresses the emotion slightly 
3. Expresses the emotion moderately 
4. Expresses the emotion strongly 
5. Expresses the emotion very strongly 
 
 
 
 
Fear 1 2 3 4 5 
Happiness 1 2 3 4 5 
Anger 1 2 3 4 5 
Sadness 1 2 3 4 5 
Disgust 1 2 3 4 5 
Rejection 1 2 3 4 5 
Invitation 1 2 3 4 5 
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1. Does not express the emotion 
2. Expresses the emotion slightly 
3. Expresses the emotion moderately 
4. Expresses the emotion strongly 
5. Expresses the emotion very strongly   
 
 
 
 
Fear 1 2 3 4 5 
Happiness 1 2 3 4 5 
Anger 1 2 3 4 5 
Sadness 1 2 3 4 5 
Disgust 1 2 3 4 5 
Rejection 1 2 3 4 5 
Invitation 1 2 3 4 5 
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1. Does not express the emotion 
2. Expresses the emotion slightly 
3. Expresses the emotion moderately 
4. Expresses the emotion strongly 
5. Expresses the emotion very strongly 
 
 
 
 
Fear 1 2 3 4 5 
Happiness 1 2 3 4 5 
Anger 1 2 3 4 5 
Sadness 1 2 3 4 5 
Disgust 1 2 3 4 5 
Rejection 1 2 3 4 5 
Invitation 1 2 3 4 5 
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1. Does not express the emotion 
2. Expresses the emotion slightly 
3. Expresses the emotion moderately 
4. Expresses the emotion strongly 
5. Expresses the emotion very strongly 
 
 
 
 
Fear 1 2 3 4 5 
Happiness 1 2 3 4 5 
Anger 1 2 3 4 5 
Sadness 1 2 3 4 5 
Disgust 1 2 3 4 5 
Rejection 1 2 3 4 5 
Invitation 1 2 3 4 5 
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1. Does not express the emotion 
2. Expresses the emotion slightly 
3. Expresses the emotion moderately 
4. Expresses the emotion strongly 
5. Expresses the emotion very strongly 
 
 
 
 
Fear 1 2 3 4 5 
Happiness 1 2 3 4 5 
Anger 1 2 3 4 5 
Sadness 1 2 3 4 5 
Disgust 1 2 3 4 5 
Rejection 1 2 3 4 5 
Invitation 1 2 3 4 5 
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1. Does not express the emotion 
2. Expresses the emotion slightly 
3. Expresses the emotion moderately 
4. Expresses the emotion strongly 
5. Expresses the emotion very strongly 
 
 
 
 
Fear 1 2 3 4 5 
Happiness 1 2 3 4 5 
Anger 1 2 3 4 5 
Sadness 1 2 3 4 5 
Disgust 1 2 3 4 5 
Rejection 1 2 3 4 5 
Invitation 1 2 3 4 5 
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1. Does not express the emotion 
2. Expresses the emotion slightly 
3. Expresses the emotion moderately 
4. Expresses the emotion strongly 
5. Expresses the emotion very strongly 
 
 
 
 
Fear 1 2 3 4 5 
Happiness 1 2 3 4 5 
Anger 1 2 3 4 5 
Sadness 1 2 3 4 5 
Disgust 1 2 3 4 5 
Rejection 1 2 3 4 5 
Invitation 1 2 3 4 5 
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1. Does not express the emotion 
2. Expresses the emotion slightly 
3. Expresses the emotion moderately 
4. Expresses the emotion strongly 
5. Expresses the emotion very strongly 
 
 
 
 
Fear 1 2 3 4 5 
Happiness 1 2 3 4 5 
Anger 1 2 3 4 5 
Sadness 1 2 3 4 5 
Disgust 1 2 3 4 5 
Rejection 1 2 3 4 5 
Invitation 1 2 3 4 5 
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1. Does not express the emotion 
2. Expresses the emotion slightly 
3. Expresses the emotion moderately 
4. Expresses the emotion strongly 
5. Expresses the emotion very strongly 
 
 
 
 
Fear 1 2 3 4 5 
Happiness 1 2 3 4 5 
Anger 1 2 3 4 5 
Sadness 1 2 3 4 5 
Disgust 1 2 3 4 5 
Rejection 1 2 3 4 5 
Invitation 1 2 3 4 5 
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1. Does not express the emotion 
2. Expresses the emotion slightly 
3. Expresses the emotion moderately 
4. Expresses the emotion strongly 
5. Expresses the emotion very strongly 
 
 
 
 
Fear 1 2 3 4 5 
Happiness 1 2 3 4 5 
Anger 1 2 3 4 5 
Sadness 1 2 3 4 5 
Disgust 1 2 3 4 5 
Rejection 1 2 3 4 5 
Invitation 1 2 3 4 5 
   135 
- 12 - 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1. Does not express the emotion 
2. Expresses the emotion slightly 
3. Expresses the emotion moderately 
4. Expresses the emotion strongly 
5. Expresses the emotion very strongly   
 
 
 
 
Fear 1 2 3 4 5 
Happiness 1 2 3 4 5 
Anger 1 2 3 4 5 
Sadness 1 2 3 4 5 
Disgust 1 2 3 4 5 
Rejection 1 2 3 4 5 
Invitation 1 2 3 4 5 
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APPENDIX H. DANVA2 
 
 
 
 
Answer Sheet for DANVA2 - Adult Paralanguage  
 
1. Happy     Sad     Angry     Fearful         17.  Happy     Sad     Angry     Fearful 
2. Happy     Sad     Angry     Fearful         18.  Happy     Sad     Angry     Fearful 
3. Happy     Sad     Angry     Fearful         19.  Happy     Sad     Angry     Fearful 
4. Happy     Sad     Angry     Fearful         20.  Happy     Sad     Angry     Fearful 
5. Happy     Sad     Angry     Fearful         21.  Happy     Sad     Angry     Fearful 
6. Happy     Sad     Angry     Fearful         22.  Happy     Sad     Angry     Fearful 
7. Happy     Sad     Angry     Fearful         23.  Happy     Sad     Angry     Fearful 
8. Happy     Sad     Angry     Fearful         24.  Happy     Sad     Angry     Fearful 
9. Happy     Sad     Angry     Fearful          
10.Happy     Sad     Angry     Fearful          
11.Happy     Sad     Angry     Fearful  
12.Happy     Sad     Angry     Fearful          
13.Happy     Sad     Angry     Fearful          
14.Happy     Sad     Angry     Fearful         
15.Happy     Sad     Angry     Fearful         
16.Happy     Sad     Angry     Fearful 
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Appendix I. PBQ 
 
 
 
 
Postpartum Bonding Questionnaire 
 
Please indicate how often the following are true for you. 
There are no “right” or “wrong” answers. Choose the answer which seems right in your 
recent experience.  
 
 
Statement Always Very 
often 
Quite 
often 
Some-
times 
Rarely Never 
I feel close to my baby       
I wish the old days when I had no 
baby would come back 
      
I feel distant from my baby       
I love to cuddle my baby       
I regret having this baby       
The baby does not seem to be mine       
The baby winds me up       
I love my baby to bits       
I feel happy when my baby smiles and 
laughs 
      
My baby irritates me       
I enjoy playing with my baby       
My baby cries too much       
I feel trapped as a mother       
I feel angry with my baby       
I resent my baby       
My baby is the most beautiful baby in 
the world 
      
I wish my baby would somehow go 
away 
      
I have done harmful things to my baby       
My baby makes me anxious       
I am afraid for my baby       
My baby annoys me       
I feel confident when caring for my 
baby 
      
I feel the only solution is for someone 
else to look after my baby 
      
I feel like hurting my baby       
My baby is easily comforted       
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Appendix J. ERQ 
 
 
 
 
Emotional Recognition Questionnaire 
 
1. How often do people around you seem to be in a negative mood? 
 
a. Always 
b. Most of the time 
c. Sometimes 
d. Rarely  
 
2. How often does your baby seem to be in a negative mood? 
 
a. Always 
b. Most of the time 
c. Sometimes 
d. Rarely 
 
 
3. How would you describe your baby’s temperament? 
      
_________________________________________ 
1               2                   3                   4                   5 
Quiet         Excitable 
 
 
_________________________________________ 
1               2                   3                   4                   5 
Easy                    Difficult 
 
 
 
4. How difficult is it to recognize what your baby is feeling? 
 
a. Very Difficult 
b. Somewhat Difficult 
c. Not so Difficult 
d. No Difficult at all 
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5. How difficult is it to recognize what other people are feeling just by looking at 
their faces? 
 
a. Very Difficult 
b. Somewhat Difficult 
c. Not so Difficult 
d. No Difficult at all 
 
 
6. How often do you experience misunderstandings because you misinterpreted 
what other people were feeling or saying? 
 
a. Always 
b. Most of the time 
c. Sometimes 
d. Rarely 
 
 
7. How often do you experience misunderstandings because other people 
misinterpret what you are feeling or saying? 
 
a. Always 
b. Most of the time 
c. Sometimes 
d. Rarely 
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